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e len separate modules to provide exactly the right 
combination to meet your chromatography needs e 
The flexibility to meet your future research require- 
ments by the simple addition of other modules e 
Adaptability to future developments in the field of 
Gas Chromatography. 


The Complete System shown at right is composed of 8 modules. 
a CONTROL UNIT —- 


provides power and monitors temperature throughout the 
system 


= COLUMN OVEN - 
uniform temperature up to 300°C. 

= COLUMN OVEN TEMPERATURE CONTROLLER — 
proportional control over entire operating range. 

a» KATHAROMETER DETECTOR and OVEN — 
conductivity cell with uniform temperature distribution 

=» KATHAROMETER POWER SUPPLY — 
regulated current to conductivity cell 

ws DETECTOR OVEN TEMPERATURE CONTROLLER — 
proportional control over entire operating range. 

a FLOW CONTROLLER and METER — 

constant and reproducible gas flow 

POTENTIOMETRIC RECORDER — 


Smv for high sensitivity and reproducible chromatographs. 














For the Ultimate in MICRO-DETECTION 
» Model 600-2 IONIZATION DETECTOR 


and OVEN — 
Sensitivities up to 10°'? moles .... Unparalleled 
stability ..... Adaptable to your present system. 


» Model 605-2 IONIZATION DETECTOR 
POWER SUPPLY — 


regulated high voltage..... stable electrometer 
circuit ..... attenuation of 1:1000 
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at Nutritional 





Biochemicals 


Corporation 





QUALITY 





is one of our proudest assets! 


Every biochemical we offer must meet or exceed our rigid Quality Control standards. Every chemical is 
tested for adherence to specifications. Every NBCo biochemical is of the HIGHEST possible quality com- 
mercially available . .. at the lowest possible price. In addition to our reputation for high quality at a 
low price, we pride ourselves in offering the FASTEST service of any research biochemicals company: all 
orders shipped within 24 hours of receipt, and we can even provide emergency shipments within ONE hour! 
Why not find out for yourself why we have become the nation’s leading research biochemicals organization? 


Our catalog of more than 2,500 items includes: 


















@ Over 300 Amino Acids @ Enzymes — Crystalline @ Carbohydrates 

@ Over 90 Peptides @ Enzymes — Purified @ Purified Proteins 

@ More than 200 Nucleoproteins, @ Growth Factors @ Fatty Acids 
Purines, Pyrimidines @ Steroid Hormones @ Antibiotics 
Miscellaneous Biochemicals ® Biological Salt Mixtures @ Alkaloids 





Vitamins ® Biological Test Materials @ Glandular Subst 
Sse AE 
N 
>TOR 
ralleled OUR NEW JULY 1959 CATALOG 
agg containing more than 2,500 items is now ready. Fill N U T ~ | 7 | 0 \ A | 
TOR | out coupon below and mail today for your free copy. B 0 Cc r E M C A L pa 
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SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 
matter under the act of 3 March 1879. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 
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The American Museum 


of Natural History 
presents 


ruc 


An extraordinary gift offer from the 


NATURAL HISTORY BOOK CLUB 


FREE 


WITH MEMBERSHIP 
THIS MAGNIFICENT 4 VOLUME BOXED SET 


THE ILLUSTRATED LIBRARY 
OF THE NATURAL SCIENCES 


Published at *Q5H0° 


The Ulustraei 
Library of 
NATURAL 
SCIENCE 


Sponsored by 

HE AMERICA THE AMERICA, 

MUSEUM OF MUSEUM OF 
NATURAL NATURAL 
HISTORY HISTORY 








VOLUME VOLUME 


I II 


PAGES 751-154 


Cypres 


PAGES 2-75? 


Aardvark 


to 
Cyclops 








NATURAL NATURAL yar 
SCIENCE SCIENCE scr 


aay 
Sponsored by F 
MUSEUM OFF 


NATURAL 
HISTORY 





URAL 
NCES. 





PAGES 1515-28" 





under the sponsorship of 
The American Museum of Natural History 


@® OVER ONE MILLION WORDS 

+ MORE THAN 3,000 PAGES 

® OVER 3,000 ILLUSTRATIONS 

@ 165 DISTINGUISHED CONTRIBUTORS 


A breathtaking panorama of knowledge in 


For the most readable and informative books in the natural sciences, you are invited 
to join the Natural History Book Club — and to accept as a welcoming gift the mag- 
nificent four-volume set illustrated above. Membership in the Natural History Book 
Club provides a fascinating and rewarding way to keep abreast of science’s continuing 
discoveries about the origin of the Earth and its composition; the incredible variety 
of vegetation, insects, fishes, reptiles and mammals found on it; and the evolution of 
man himself from primitive savagery to the complex civilizations of today. From 
anthropology to meteorology, from oceanography to zoology, the Natural History 
Book Club offers you the latest and most important works by leading authorities in 


every area of natural science—from anthropol- 
ogy to zoology, from aardvark to zebra. The 
famous contributors include Marston Bates, 
William Beebe, Arthur Clarke, J. Frank Dobie, 
Willy Ley, Donald Culross Peattie, T. C. 
Schneirla, Edwin Way Teale, and many others. 
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THE NATURAL HISTORY BOOK CLUB H-37 


63 Fourth Avenue, New York 3, N. Y. 


Please enroll me as a member and send, as a Membership Gift, THE 
ILLUSTRATED LIBRARY OF THE NATURAL SCIENCES, along 
with my first Selection at the reduced Member's Price. My only obliga- 
tion is to take 3 more Selections during the next 12 months; I will 
receive a free Bonus Book after each fourth purchase. 


First Selection 





Additional Selection Desired 




















Name—___ 

Address ‘ 

So Zone——State. 
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the major areas of the natural sciences — always at substantial savings. 

To join now and receive The Illustrated Library of the Natural Sciences free, 
simply choose the volume you want as your first selection from those described below. 
As a member you need purchase only 3 additional Selections at reduced Member's 
Prices during the next 12,months. You will also receive a valuable free bonus book 
after every fourth purchase. 


CHOOSE YOUR FIRST SELECTION FROM AMONG THESE SIX IMPORTANT BOOKS 


CAN MAN BE MODIFIED? by Jean Rostand & 
INSIDE THE LIVING CELL, by J. A. V. Butler 
(dual selection). The basic processes of 
life and the possibilities of scientific. con- 
trol and alteration, analyzed by two lead- 
ing authorities, PUBLISHER'S PRICE $6.50 

Member's price $5.25 
ELEPHANTS, by Richard Carrington. The 
complete story of elephants’ evolution, 
history, anatomy, temperament, mating, 
reproduction, intelligence and usefulness 
to man, PUBLISHER'S PRICE $5.00 

Member's price $3.95 


THE EARTH AND ITS ATMOSPHERE, edited by 

D. R. Bates. Fifteen distinguished scien- 

tists present the latest discoveries in under- 

standing weather, circulation of oceans, 
meteorology, cosmic rays. 

PUBLISHER'S PRICE $6.00 

Member's price $4.95 


THE LIVING FOREST by Jack McCormick. “A 

remarkably attractive book packed with a 

remarkable amount of material on trees 

and forests...’’ Los Amgeles Herald & 
Express. 137 illustrations. 

PUBLISHER'S PRICE $3.95 

Member's Price $3.50 


ANIMALLEGENDS, 2) Maurice Burton. An ex- 
amination of long-established myths about 
animal behavior in the light of modern 
knowledge: sea serpents, ‘‘abominable 
snowman”, animal ‘mercy killings’ and 
funerals. PUBLISHER'S PRICE $4.95 

Member's price $3.95 


THE ANATOMY OF NATURE, by Andreas Fein- 
inger. How function shapes the form and 
design of animate and inanimate struc: 
tures throughout the universe. 176 photo- 
graphs. PUBLISHER'S PRICE $5.95 

Member's price $4.9 
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Ground joint flasks a /a carte 


This represents some, but by no 
means all, of the ground joint flasks 
made by Corning. You get exactly 
what you need—1, 2, 3, 4 or 5 necks, 
¥ and/or spherical joints, with or 
without thermometer wells, in the 
sizes and types you need. 

Consider, too, the importance of 
uniformity of design. Over the years 
we keep tight control over joint 
angles and other critical factors. If 
you need replacements or additions, 
you can be sure they will fit. 

_ Proceed next to the ground joint 
itself. Very rugged because it’s fash- 
loned from sturdy molded blanks. 
And the finish? Satin smooth. You 


get freedom from leaks, perfect fit, 
and complete interchangeability. 

They are all made from PyREXx 
brand glass No. 7740. Flasks are not 
affected by acids—except hydroflu- 
oric—nor by most alkalies, high tem- 
peratures, and hard knocks. 

More inducements? Prompt and 
regular delivery through your usual 
source of supply. Big savings, too, 
because you can include ground joint 
flasks with your overall PyREX pur- 
chases to get maximum discounts. 

Details? Consult our Catalog LG-1 
and Supplement No. 3. (If you would 
like copies of either, send the cou- 
pon.) Then call your dealer. 


”@ CORNING GLASS WORKS 
“4 75 Crystal Street, Corning, New York 
Send [_] LG-1 PYREX laboratory glassware 


C) Supplement No. 3 to Catalog LG-1 
SE EE Ne 
Title... 

Company. 


Address 


[--------------- 


PYREX’ laboratory ware... the tested tool of modern research 
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NUCLEAR SYSTEMS 


offers 
CONTRACT RESEARCH 


in 


Non-destructive Testing 
Radiation Applications 
Thickness-Density Gaging 
Radiography 





Nuclear Systems is now developing a prototype scanning system for the 
high speed non-destructive inspection of very large solid propellant rocket 
engines. This program entails the application of thickness-density gaging 
to non-destructive testing, and is being sponsored by the Air Force through 


one of the largest producers of solid propellant. fuels. 


Similar systems should be applicable to less expensive inspection of 


heavy castings and weldments, and lead-filled radiation shields. 


If you have a problem in any of the above areas, Nuclear Systems’ 
engineers will be happy to discuss with you the establishment of an R & D 
program specifically designed to solve that problem in the most efficient, 


and therefore, most economical way. 


PHILADELPHIA e CHICAGO e SAN FRANCISCO 


NUCLEAR SYSTEMS 


A DIVISION OF THE BUDD COMPANY, Philadelphia 32, Pa. a) ow 4 ie 
APCs 


IN CANADA—TATNALL MEASURING AND NUCLEAR SYSTEMS, LTD. 
46 HOLLINGER RD. « TORONTO 16, ONT 
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PHOTO BY WILL CONNELL 


The versatile Beckman DU® Spectrophotometer...the instrument that made spectrophotometry 
a universal analytical tool. More than 17,000 are in use today in laboratories throughout the 
world. One bibliography alone lists nearly 2,000 applications. DU accessories are responsible 


for hundreds of additional applications and new uses are being reported almost daily. There are 


accessories for flame, fluorescence and reflectance measurements...for interpreting paper chro- 
matograms...for analyzing liquid, solid and gaseous samples...for energy recording... for A-C line- . 
operation. DU Spectrophotometers and accessories are available from 99 dealer stocking locations | 
in the U.S. and Canada. For complete information on DU applications and accessories, see your 


Beckman dealer or write to us for DU Data File 21-4733. Beckman 
Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road, Fullerton, California 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS + GAS CHROMATOGRAPHS * pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 











GET YOUR ADVANCE COPY 


of the General Program of the 
AAAS Chicago Meeting 


by first class mail — early in December 


The General Program of the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959, will be 
available to you within the first week in December—whether you can attend the Meeting or not. 
Effective this year, the former General Program-Directory, which had become an unwieldy 
book of more than 400 pages, has been separated into two publications, namely: 
a) The Directory of AAAS Officers and Activities, 96 pp., already published ; and 
b)The General Program of the Annual Meeting, c. 200 pp., which will appear early in 
December. 
Both of these, sold at cost, may be purchased separately—in advance (see coupon below), or at the 
meeting. Some of their respective contents are: 


The General Program The Directory 


1. The two-session general symposium, “Moving Frontiers of 1 


. AAAS officers, staff, ittees for 1959. 
Science IV,” arranged by the Committee on AAAS Meetings. Ohne nh pan meee eee 


2. Programs of the 18 AAAS sections (symposia: and con- 2. Section committees and other AAAS Council members. 
tributed papers). ia 8S 3. The 285 affiliated organizations. 

3. Programs of the more than 70 participating societies. 

4. Sessions of the Conference on Scientific Communication, 4. Historical sketch and organization of the Association. 
ee on Scientific Manpower, and the Academy 5. Complete roll of AAAS presidents and their fields. 

5, The Special Sessions: AAAS Address and Reception, Na- 6. Publications of the Association, including all symposium 
tional Geographic Society, Phi Beta Kappa, Sigma Xi, volumes. 
RESA, Tau Beta Pi Association. . ° ‘ 

6. Details of the Morrison Hotel—center of the Meeting—and 7, AAAS Awards—including all past winners. 
of the other session sites. ae ere 8. Future Meetings of the AAAS through 1963. 

1. Titles of, ne ried yi woe. teenie ecientiic ‘His Wo Oe 9. New and current activities of the AAAS. 

8. Exhibitors in the 1959 Annual Exposition of Science and 10. Constitution and Bylaws. 


Industry and descriptions of their exhibits. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2) You re- 
ceive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to attend; 
3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program; the Directory may also be ordered. 
—THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM— 
(AND FOR THE DIRECTORY, IF ALSO DESIRED) 
la. O Enclosed is $3.00 for my advance Registration Fee which brings me the General Program, Convention Badge, and all 
privileges of the Meeting. ; 


1b. Enclosed is $2.00 for only the General Program. (It is understood that, if I should attend the Meeting later, the Badge— 
necessary for the privileges of the Meeting—will be secured for $1.00 more.) 
(Check 1a or 1b) 


1c. FO Enclosed is $1.00 for the Directory of AAAS Officers and Activities to be sent now. 
Total amount enclosed $ 


Ree EL SPCC TS CEE eS Oe a nn nmr I COC tr ati Do CCUG. 
(Please print or typewrite) (Last) (First) (Initial) 
3. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


ee ee ee ee ee ee ee ee ee ee 


Come eee HOHE ee EEE eee EEE EEE OHHH HHHEHs SHH HEH HHH HEHE HEHEHE H HEHEHE EH HEHEHE HEHEHE HEHE HHH EHHE 


CHESS SESH SESH HEARSE HHH HEHEHE S CEH EH HHHHHHE SHH HSE HEH SESH HEHEHE HEHEHE HSHSHESEHESEHE HE EEEEHHEEEOP 


(May be added later, after arrival) 
Please mail this Coupon and your check or money order for the total amount to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 


296 SCIENCE, VOL. 130 











1 re- 
end; 


d all 


ige— 


OL. 130 








The New SARGENT Model XV 


RECOR 







This new Sargent Polarograph gives you a 
large 250 mm (10 inches) chart and the highest 
accuracy and current sensitivity at the lowest 
price of any pen writing polarographic instru- 
ment on the market. 


It offers you optimum specifications based on 
over twenty years of leadership in design, manu- 


facture and service in this specialized field of 
analysis. 


The polarographic method is capable of repro- 
ducibility to 1/10% and analytical accuracy to 
%%. To make use of this facility, the instru- 
ment must be accurate to 1/10% and chart 
space must be provided for recording large 
steps to achieve measuring precision. We strongly 
advise against the purchase of any polarographic 
instrument using miniature (5 inch) charts and 
low gain balancing systems in the 1% order of 
precision. 


This Model XV is adaptable to 10° M deter- 


minations with the S-29315 Micro Range 
Extender. 


Registered Trade Mark, Patents Pending 
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Current Ranges: 

Current Sensitivity: 

Polarizing Ranges, 
volts: 

Balancing Speed: 

Bridge Drive: 


Chart Scale: 


Current Accuracy: 
Voltage Accuracy: 
Chart Drive: 


Writing Plate: 
Standardization: 


Damping: 
Pen: 
Suppression: 


Potentiometric Range: 


Finish: 


Dimensions: 
Net Weight: 


DING POLAROGRAPH °® 


offers you— 


® FULL 10 INCH 
CHART 


® 1/110% ACCURACY 
OF 


MEASUREMENT 


| ® TEN STANDARDIZED 
POLARIZING RANGES 


19, from .003 to 1.0 uA/mm. 

standard specifications, 10“~A/mm. 

0 to —1; —1 to —2; —2 to —3; —3 to —4; +.5to —5; 
0 to —2; —2 to —4; +1 to —1;0 to —3; +1.5 to —1.5. 
standard, 10 seconds; 1 second or 4 seconds optional. 
synchronous, continuous repeating, reversible; rotation 
time, 10 minutes. 

current axis, 250 mm; voltage axis, 10 inches equals one 
bridge revolution. 

1/10% 

“%Q% 

synchronous, 1 inch per minute standard; other speeds 
optional. 

10% x 12% inches; angle of slope, 30°. 

manual against internal cadmium sulfate standard cell 
for both current and voltage. 

RC, four stage. 

ball point; Leroy type optional. 

zero displacement control, mercury cell powered, 6 times 
chart width, upscale or downscale. 

2.5 millivolts, usable as general potentiometric recorder. 
case, enameled steel; panels, anodized aluminum; writing 
plate, polished stainless steel; knobs and dials, chromium 
plated and buffed. 

23 x 17 x 10. 

65 pounds. 


Catalog number $-29310 with accessories and supplies. . . .$1585.00 


For complete information write for Sargent Polarograph XV literature 


SAI 2 S E N ’ SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH. « DALLAS 35, TEXAS « BIRMINGHAM 4, ALA. ¢ SPRINGFIELD, N. J. 
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Now you can use 
self-lubricating 


TEFLON: STOPCOCKS 
on an everyday 
hasis! 


Kontes saves you money 
three ways on chemically- 
inert* Teflon items! 


Increased production has low- 
ered prices substantially on all 
Kontes Teflon Stopcocks and 
apparatus which incorporate 
them. You save, in fact, three 
ways by getting Teflon products 
from Kontes: by reduced indi- 
vidual prices, by lower quantity 
prices, and by combining Teflon 
items with your regular orders 
for Kontes Technical Glassware 
for even greater discounts. 
COMPARE KONTES QuaLIty! Teflon 
Stopcock barrels are ground and 
polished, providing the ultimate 
in smooth, even turning without 
lubricant. Special spring-loading 
device keeps plug properly seated 
and leak-free without dangers 
inherent in over-tightening. Wall 
thickness is appreciably greater 
than other brands. Sidearms in- 
crease gradually in o.d. and de- 
crease in i.d. at seals to barrels 
for greater strength and im- 
proved flow characteristics. 
Order now for immediate de- 
livery! Write for your free copy 
of our new Bulletin TP-1. It de- 
scribes all Kontes Teflon ware in- 
cluding beakers, burettes, pi- 
pettes, separatory funnels, stop- 
cocks, etc. 
K-81100 STRAIGHT STOPCOCK 
prices below are typical— 
Bore, mm. Plug size, mm. Each 
2 10/25 4.50 
3 10/25 4.50 
2 12/30 6.90 
4 17/40 9.20 





*Teflon has almost universal chemical inertness. 


®Reg.T.M., E. I. du Pont de Nemours & Co., Inc 


© 











KONTES 
GLASS COMPANY 


First Choice For Quality Technical Glassware 
Vineland, New Jersey 


Midwest Distributor: Research Apparatus, inc., Wauconda, ill. 
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Letters 


On Supplementing Human Faculties 


It was hardly to have been predicted 
that when a human being is completely 
isolated from external stimuli, as was the 
case in an experiment conducted by the 
Office of Naval Research in 1956 [dis- 
cussed at the Interdisciplinary Confer- 
ence on Self-Organizing Systems, Chi- 
cago, May 1959], he loses his sense of 
orientation and cannot change a set idea 
in his mind. Rather one would have as- 
sumed that he could continue to medi- 
tate on past experiences, much as if he 
were sitting alone in the dark of a warm, 
silent cave. The question occurs: Can a 
person be thrown into a higher level of 
consciousness by supplementation of his 
faculties? Certainly the effect of faculty 
supplementation can be observed in our- 
selves to a mild degree when we are 
listening to music or sitting in a Cin- 
erama theater. What would happen if a 
more complete coupling were achieved 
between man and an artificial world, or 
between‘a person and more intense stim- 
ulation from his natural world? 

This leads to another question: What 
faculties would have to be added to a 
monkey to make him react like a 
human being? For one thing, a monkey 
lacks the ability to formulate and recog- 
nize symbols. But he can learn a great 
deal. Conceivably, an electronic aid to 
symbol recognition or formulation might 
be provided for one of our simian 
friends, and he could be conditioned to 
use it, say, to recognize and indicate the 
letters of the alphabet. How much aid 
in grammar formulation and word cate- 
gorization would we have to provide 
him (by means of a computer, perhaps) 
before he could begin to talk sensibly 
to us? Would this aid be less than 
that required by a computer operating 
alone? 

The crux of the matter is undoubtedly 
in the coupling between external devices 
and animals. A device has to be more 
perfectly woven into our nervous system 
before we can begin to tap it as we 
naturally tap our other faculties. Also, 
some control, perhaps even a random 
control, must be provided, because if the 
extrasensing devices were not control- 
lable they might assume the upper hand. 
Of course, in a movie we can shut our 
eyes, but more control would be neces- 
sary with extrasensing devices. If an 
electronic memory could be coupled into 
our brain we would have to have some 
means of scanning it in order to get at 
arbitrary information. 

Before coupling of any higher degree 
of sophistication than that achieved in a 
stereophonic Cinerama theater can be 
achieved, a more thorough understand- 
ing must be had of the coding of signals 


in the brain. Yet, if a person (or a mon- 
key) were conditioned to substitute senses 
(as, for instance, if supersonic tones ina 
spectrum of frequencies were transduced 
into pinpricks along the spine) or cov. 
pled to a more perfect form of Cin- 
erama, would he react normally under 
this greater degree of stimulation? 

These speculations may perhaps seem 
fantastic, but in the light of the results 
of the Office of Naval Research experi- 
ment they must be given serious consid- 
eration. 

Ropert E. MuEL.er 

Astro-Electronic Products Division, 
Radio Corporation of America, 
Princeton, New Jersey 


Phosphorus and Phytoplankton 


In the article “Bound phosphorus and 
growth of phytoplankton,” by Whitford 
and Phillips [Science 129, 961 (1959)], 
the implication that phosphorus was 
not limiting because total phosphorus 
showed no correlation with phytoplank- 
ton pulses does not appear to be valid. 
Not only do the authors point out that 
total phosphorus varied with the rain- 
fall but they acknowledge that the phy- 
toplankton populations were low (and 
presumably, therefore, would require a 
relatively small amount of phosphorus), 
Also, and more significant, total phos- 
phorus includes a galaxy of compounds, 
particulate and soluble, organic and in- 
organic, of which the only fraction now 
unequivocally known to be utilizable by 
algae is soluble orthophosphate. This 
fraction generally accounts for only 
about 10 percent of the total phos- 
phorus in lakes, and even in the at- 


pene 


Pe 


x 


tempt to correlate this fraction with [Ss 


phytoplankton, the problem is compli- 
cated by the fact that certain plankton 
algae are known to be able to store up 
phosphate under conditions of plenty 
and to use this reserve for growth in 


times of phosphate deficiency. There- § 


fore, any correlations observed between 
total phosphorus and phytoplankton are 
likely to be fortuitous, and any lack of 
correlation is likely to be without sig- 
nificance. 


JosEPH SHAPIRO f& 


Department of Zoology, 
University of Washington, Seattle 


The criticism by Shapiro of our re 
port is probably justified on the basis of 
data given. We believe, however, that 
our conclusions, which were based on 
data not adequately presented in the 
article, are valid. We are aware of the 
number and complexity of phosphorus 
compounds in natural aquatic habitats. 
Our analyses of total phosphorus were 

(Continued on page 347) 
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Dither 


When working, early in World War II, on antiaircraft computing and 
gun-laying devices, I learned from British colleagues a new use of an old 
word. When building such devices, they often included a small eccentric 
or vibrating member which kept the whole mechanism in a constant state 
of minor but rapid vibration. This they called the “dither.” 

The purpose, once one thinks a moment, is perfectly clear. Kinetic 
friction is less than static friction. If the parts are constantly in slight 
motion, then the whole device is alert, is on the jump, is ready to respond 
promptly to the earliest beginnings of forces seeking to move the gun, 
the little dither gimmick preventing any sluggish delay caused by static 
friction. The same phenomenon arises in other connections. For example, 
the types of flight instruments which are dependably responsive in an air- 
craft with reciprocating engines and a good deal of resulting general 
vibration might tend to stick or respond tardily in jet aircraft with their 
almost vibrationless flight. 

We need a certain amount of dither in our mental mechanisms. We 
need to have our ideas jostled about a bit so that we do not become intel- 
lectually sluggish. The British are good at this, too, and use Hyde Park 
corner, His Majesty’s Loyal Opposition, and a variety of other techniques 
to make sure that mental static friction does not dominate. 

It is a wonderful thing to have in science fresh, unorthodox, nimble, 
and vibrating minds. The recent phenomenon of Edwin Land’s essentially 
17th-century type of discovery in the field of color vision is an excellent 
case in point. This really shakes every scientist, and in so doing it benefits 
him. 

The same consideration, I think, furnishes an extremely powerful argu- 
ment for carrying out as much basic research as possible under circum- 
stances which involve eager young persons. My scientific godfather, Dean 
Charles Sumner Slichter of the University of Wisconsin, used to say that 
every laboratory ought to have “one damn fool who doesn’t know yet 
what you can’t do.” When a professor who does research also has the 
marvellous opportunity of teaching elementary courses he finds that the 
contacts with the youngsters constantly jostles his own mind. It may at 
times put him in a dither, but that is good for him.—WarREN WEAVER, 
Alfred P. Sloan Foundation, New York. 
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Stochastic Models of 


Population Dynamics 


A few simple chance mechanisms may combine to repro- 


duce many manifestations of a complex phenomenon. 


Jerzy Neyman and Elizabeth L. Scott 


Before proceeding to the main subject 
of this article, it may be useful to indi- 
cate briefly the meaning which we ascribe 
to the terms model and, in particular, 
stochastic model. The question is, what 
do we mean when we say that we build 
a stochastic model of a given class of 
phenomena? 

In considering this question, it is 
necessary to remember that, ordinarily, 
phenomena of interest are not open to 
immediate observation in all of their de- 
tails. Most frequently, we observe only 
a few external manifestations of the 
phenomena. The figures on births and 
deaths, employment and unemployment, 
and so forth, collected by the Bureau of 
the Census exhibit several manifestations 
of the complex phenomenon designated 
by the phrase “the dynamics of the 
population of the United States.” Again, 
the observations of Thomas Park repre- 
sent an interesting manifestation of a 
complex phenomenon of struggle for ex- 
istence. These observations refer to two 
noninterbreeding and nonaggressive spe- 
cies of flour beetles. If these species are 
forced to share the same habitat, then 





Both authors are on the staff of the University 
of California, Berkeley. Currently, Professor Ney- 
man is in the Miller Institute for Basic Research 
in Science. This article is based on a paper pre- 
sented on 29 Dec. 1958 at the Washington meet- 
ing of the AAAS, when the authors were awarded 
the Newcomb Cleveland Prize. It was presented 
at the invitation of the Society for General Sys- 
tems Research, the principal aim of which is to 
encourage the development of theoretical systems 
applicable to more than one of the traditional 
departments of knowledge. 
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one, not always the same, invariably be- 
comes extinct. On the other hand, and 
this is another manifestation of the same 
phenomenon, each species, if kept sepa- 
rately in the same kind of habitat, is 
capable of maintaining a considerable 
population, the size of which fluctuates 
about a point of apparent equilibrium. 

In each of the two cases, the dynamics 
of the population of the United States 
and the struggle for existence of flour 
beetles, there are a variety of observa- 
tions yielding a number of different 
manifestations of a complex phenome- 
non, However, the complete picture of 
the phenomenon remains hidden. 

Another element to bear in mind 
while approaching the term model is 
the existence, for each of us, of a cer- 
tain category of phenomena, or mecha- 
nisms, which, partly through experience 
and partly through imagination, appear 
to us familiar and, therefore, simple. 
Although, in some cases, this simplicity 
is only apparent and our familiarity not 
very deep, we are inclined to believe the 
contrary and to think in terms of these 
familiar mechanisms. For this particular 
reason, we shall call these mechanisms 
“elementary” mechanisms. 

A classical example of an elementary 
chance mechanism, or chance phenome- 
non, is the stability of the frequency of 
“heads” in a series of tosses of a coin. 
Although not many of us have done any 
extensive coin tossing in our life, such 
experience as we do have, combined 


with imagination, make this particular 
mechanism a very familiar one. 

With these two prerequisite concepts, 
i) the essentially hidden complex phe- 
nomena of which we observe only cer- 
tain manifestations and (ii) simple 
mechanisms, which are broadly familiar 
through experience and imagination, we 
may now explain the sense in which we 
use the terms mathematical model and 
stochastic model. 

When we speak of a mathematical 
model M(II) of a class of phenomena 
II we mean a system of mathematically 
expressed hypotheses representing II as 
a particular combination of several ele- 
mentary mechanisms. These mechanisms 
may be either deterministic or indeter- 
ministic. If a particular mechanism im- 
plies that every variable of the system 
contemplated is a function of the others, 
then this mechanism is called determin- 
istic. Otherwise, that is, if at least one 
of the variables is a chance or a random 
variable, then the mechanism is inde- 
terministic. The word stochastic is used 
as a synonym of indeterministic. 

As a consequence of the above ex- 
planations, a stochastic model of popu- 
lation dynamics means a_ system of 
mathematically expressed hypotheses, 
representing the development of a popu- 
lation as a particular combination of 
elementary mechanisms, at least some of 
which are chance mechanisms. 

At this point one might wonder about 
a distinction between mechanisms which 
are and which are not “elementary.” As 
we see it, the distinction is both simple 
and subjective. Mechanisms with which 
through personal experience and imagi- 
nation we feel familiar are “elementary” 
to us but, perhaps, not to others. Also, 
there are, undoubtedly, a great number 
of chance mechanisms familiar to physi- 
cists to the point that they are able to 
think in terms of these mechanisms, 
which are entirely unknown to us. These 
mechanisms, then, are “elementary” for 
the physicists but not elementary for us. 
In general, the greater the number of 
elementary chance mechanisms that one 
has at his disposal, the easier it is to 
construct stochastic models of phe- 
nomena. 
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Purpose of Models 


We see two distinct purposes of sto- 
chastic models, one esthetic and the 
other utilitarian. 

When it happens that a number of 
apparently disconnected manifestations 
of a class of phenomena are logical con- 
sequences of a single simple combina- 
tion of a few “elementary” mechanisms 
then, to most of us, this circumstance is 
a cause of distinct esthetic satisfaction. 
This satisfaction is particularly strong if, 
after studying the conceptual model, we 
suddenly notice an observable detail 
which thus far escaped the attention of 
the experimenter and on which the pre- 
dictions of the theory appear to agree 
with empirical fact. Upon observing a 
circumstance of this kind we generally 
feel that we “understand” the develop- 
ment of the phenomena. 

The utilitarian considerations regard- 
ing models come in when we are con- 
cerned, for practical purposes, with such 
manifestations of a particular class of 
phenomena which, momentarily, are not 
directly observable. At that moment, the 
availability of a model, whose conse- 
quences agree with a number of mani- 
festations of the same phenomena al- 
ready observed, is most convenient 
because it provides suggestions about 
what might be expected in the domain 
where the observations are still lacking. 
A case in point is the present discussion, 
in the scientific literature and the daily 
press, whether the increase in radioac- 
tivity caused by the tests of nuclear 
weapons is or is not going to increase 
the incidence of cancer among human 
beings. Cancer develops slowly, and 
direct empirical evidence will require 
years to accumulate. Thus, in order to 
have a hint right now about what might 
be the effects observable in the future, 
our only source is a theoretical model of 
the phenomenon of carcinogenesis. If 
one is constructed and if it stands up in 
comparisons with a number of different 
manifestations of the phenomenon al- 
ready observed, then, and until direct 
observations of the effects of increased 
irradiation are available, the predictions 
of the model will form a natural basis 
for practical action. 


Subject of This Article 


In the sections that follow we attempt 
to give a brief account of three distinct 
stochastic models of dynamic population 
phenomena with which we have been 
concerned in our work. Details of two 
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of these models have already been pub- 
lished, and our present purpose is to 
analyze the solutions obtained in terms 
of the concepts of “elementary mecha- 
nisms” mentioned at the outset. These 
two models are: a model (1) of struggle 
for existence between two nonaggressive, 
noninterbreeding species (2) and a 
model of clustering which appears to 
have interesting applications in a num- 
ber of domains, from the temporal-spa- 
tial development of biological popula- 
tions (3), through physics (4) to 
cosmology (5). The third model (6) is 
concerned with the temporal develop- 
ment of populations of cancer cells 
(clones) conceived as generated by a 
two-step, mutation-like process. Due to 
limitations of space, publication of this 
model is postponed. 


Struggle for Existence 


Thomas Park’s observations on the 
two species of flour beetles, Tribolium 
confusum and Tribolium castaneum (de- 
noted by him b and ¢, for short), extend 
over a very considerable set of experi- 
mental conditions. We are concerned 
here with one set of experiments, in a 
particular combination of temperature 
and humidity, where the species b and c, 
kept separately from each other, were 
found to be capable of maintaining rela- 
tively stable populations indefinitely. 
The numbers of adults, counted once a 
month, varied about averages which, 
themselves, varied from one replicate of 
the experiment to the next. For species 
b the averages varied from about 70 to 
130, the grand average being about 110. 
For species ¢ this variation was from 80 
to 220, with the grand mean about 140. 
Thus, on the average, species c appeared 
to be more “viable” than b. 

The interesting feature of the experi- 
ment was that in all vials containing a 
combined culture of both species b and 
¢, initially in equal numbers, one of the 
species invariably died out completely. 
The further interesting detail is (i) that 
the dying-out species was not always the 
same and, particularly, (ii) that the 
more frequently dying-out species was 
species ¢ which, in separation from the 
other, is capable of maintaining a larger 
population! 

The basic question here was whether 
this surprising result of the experiment 
is indicative of some biological changes 
in the beetles of the two species induced 
by cohabitation or whether it is a natu- 
ral outcome of the interplay of their bio- 
logical functions exhibited equally when 


the two species live in isolation and when 
they share the same habitat. When 
speaking of biological changes, we have 
in mind possible changes in the fecun- 
dity, fertility, and duration of the several 
phases in the life cycle that might con- 
ceivably occur in one (or both) species, 
perhaps due to the contamination of 
the flour by the excreta of the other 
species, and the like. 

Our contribution to the study was very 
modest. We simply put in formulae the 
facts found by Thomas Park and re- 
counted to us. These facts are: 

1) While the beetles of the two non- 
interbreeding species have no _ racial 
prejudices, and do not fight, they do con- 
sume each other’s eggs and pupae. Also, 
it appears that in this particular respect 
there are again no prejudices and each 
of the species likes the eggs and the 
pupae of the other just as well as its own. 

2) In general, no two females lay their 
eggs with the same abundance but, in 
addition, there appears to be a differ- 
ence between the two species. 

3) There appear to be variations in 
the egg and pupae eating both within 
and between species. 

4) Similarly, there appears to be a 
within- and between-species variation in 
the duration of inactive forms, egg and 
pupae. 

These four characteristics, observed 
for the two species reared in isolation 
from each other, were taken as the basis 
of the stochastic model constructed. For 
the sake of simplicity (in fact, we were 
not able to do otherwise) the model con- 
structed is of the type called a discrete 
time model. Also, we ignored the dis- 
tinction between sexes. The basic idea 
was to compute for each egg the chance, 
depending upon the number of beetles 
present in the vial, of surviving to hatch. 
Naturally, given a fixed number of pred- 
ator forms, the longer the egg stage, the 
smaller the computable probability that 
the egg will hatch and, eventually, pro- 
duce an adult. 

The consequences of these hypotheses 
proved to be in qualitative agreement 
with the observations both of develop- 
ment in pure cultures of the two species 
and in competition. Specifically, with 
reference to pure cultures, it was shown 
that, in order to explain the time fluc- 
tuations of the number of adults about a 
point of apparent equilibrium, there is 
no need to postulate any biological 
changes due to crowding. The _phe- 
nomenon is a simple consequence of the 
assumptions that the fecundity and fer- 
tility are random variables with fixed 
distributions, that the duration + in the 
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inactive states (egg and pupa) is a con- 
stant, that for each egg the probability 
of being eaten by a given beetle during 
a given period of time has a fixed value, 
independent of crowding, and that the 
fates of particular eggs and of particular 
beetles are mutually independent. 

With reference to competition of two 
species, it was also shown that the in- 
variable extinction of one of them does 
not require any assumption of biological 
changes induced by cohabitation or by 
crowding. In fact, the necessity of ex- 
tinction of one of the two species is a 
consequence of the assumption that the 
two species in competition have the 
same characteristics as in separate cul- 
tures and that they differ in the value 
of the criterion 


C= (log v)/t 

where v stands for the global-fecundity, 
meaning the average number of adults 
generated by a female during her life- 
time in the absence of cannibalism. Ac- 
cording to the model, of the two com- 
peting species the predominant winner 
of competition is the one with the larger 
value of the criterion C. 

The question arises whether the above 
success of the model proves that crowd- 
ing and cohabitation induce no biologi- 
cal changes in the beetles. The answer 
is no. All that is shown is that the obser- 
vations described do not constitute evi- 
dence for the existence of such changes. 
In fact, some further, more delicate ex- 
periments may show that because of 
crowding or because of cohabitation with 
another species, the biological properties 
of the beetles do change. 

Further developments regarding the 
model may be of interest, and we wish 
to report the following two items. First, 
a paper by Amelia Polnik (7) showed 
that the factors of unequal fecundity 
and unequal duration in inactive states 
certainly play an important role in the 
competition of species. Second, accord- 
ing to a personal communication of 
Thomas Park, the original model of 
competition described above appears in- 
complete. In fact, further experiments 
with the two species of Tribolium re- 
vealed two genetic strains of one of the 
species which have practically identical 
values of the criterion C. According to 
the original model, the fates of these 
two strains in competition with the one 
strain of the other species should be the 
same. Yet, in actual experiments, one of 
the strains is a consistent winner and 
the other a consistent loser in competi- 
tion with the same opponent. Thus, the 
two strains must differ in some impor- 
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tant characteristic not involved in the 
original model. A preliminary inspec- 
tion of experimental data already ob- 
tained suggested to Thomas Park that 
this relevant characteristic is the total 
duration of the life cycle “from egg to 
egg.” The shorter this period, then, 
caeteris paribus, the better the chance of 
winning the competition. We are look- 
ing forward to the completion of this 
novel series of Park’s experiments, which 
we expect to yield further important in- 
formation. 


Stochastic Process of Clustering 


The second stochastic model of popu- 
lation dynamics to which we wish to 
call attention is the so-called stochastic 
process of clustering. The first idea of 
this process occurred te one of us (8) 
in 1939 in connection with the distribu- 
tion of the number of insects in equal- 
sized plots on the ground. Subsequently, 
this same chance mechanism proved use- 
ful during the war in the theory of 
bombing by formations of planes. After 
the war, we found that the same process, 
unexpectedly, has interesting applica- 
tions in indeterministic cosmology (9, 
10), concerned with the phenomenon 


of clustering of galaxies. Also, one of - 


our colleagues, Robert R. Read, found 
interesting applications of the clustering 
process in the study of ionization in a 
cloud chamber caused by cosmic rays. 
Still more recently (3), armed with the 
same stochastic process of clustering, we 
returned to the study of biological popu- 
lations. Finally, we now have hopes of 
obtaining some interesting results in ap- 
plying the clustering process to carcino- 
genesis. 

In addition to this multiplicity of ap- 
plications, the process of clustering is 
very interesting because many of its 
properties still remain unexplored and 
because there is a broad field for mathe- 
matical generalizations. 

The particular novel elements in the 
stochastic approach to the study of popu- 
lations introduced by the process of 
clustering are two. 

1) Practically all classical attempts to 
study chance mechanisms of the devel- 
opment of a population treat all the in- 
dividuals forming the population, in a 
sense, uniformly. Striking examples of 
this “uniformity” are the various theo- 
ries of epidemics. Here it is usually as- 
sumed that an increase in the number of 
infectious individuals increases equally 
the probability of becoming infected for 
every single susceptible in the popula- 


tion. As the relevant authors themselves 
point out, this equality in the increase 
of the probability of infection may be 
realistic only in very small communi- 
ties, such as families. On the other hand, 
while a case of bubonic plague in a com- 
munity does indeed increase the danger 
of infection with this disease everywhere, 
the increase in the household of the in- 
dividual concerned must be presumed to 
be greater than that for a typical person 
living in a distant city. 

The first novel element introduced by 
the stochastic process of clustering is 
that here the populations studied are not 
treated as aggregates of individuals all 
characterized by the same probabilities 
but as aggregates of groups or aggre- 
gates of clusters. 

2) Another element of the classical 
approach to population dynamics is that 
the two aspects observed in the devel- 
opment of populations, namely (i) mi- 
gration and (ii) changes in the numbers 
of individuals forming the population, 
are treated separately. The usual mathe- 
matical model of migration is the so- 
called diffusion process. The subject of 
study is the aggregate of chance motions 
either of one particle starting from a 
given point or of a number of such par- 
ticles. The mathematical instruments of 
study of numerical changes in a popula- 
tion are the so-called multiplicative 
stochastic processes, concerned with vari- 
ation in time of the number of individ- 
uals, under certain hypotheses about im- 
migration, birth, and death. In other 
words, the classical diffusion processes 
are concerned with the time and space 
coordinates of some existing particles 
but ignore the phenomena of their birth 
and death, while multiplicative proc- 
esses deal with births, deaths, and immi- 
gration but ignore the spatial relation- 
ships of the particles. 

The second novel element introduced 
by the process of clustering is that in 
its treatment of populations it provides 
a unified theory of spatial as well as of 
numerical changes in the population. 
Specifically, for any preassigned system 
of “regions” in the habitat, say 


Ri Rs... he 
and for any epoch ¢, the stochastic proc- 
ess of clustering studies the joint distri- 
bution of 2s xn variables 
vir (Ri, t) 


with i= 1,2, . . ., $3 7= 1,2; and B= 1,2, 


., n. Here 
yik (Ri, t) 
represents the number of male members 
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of the kth generation of the population 
which at time ¢ are alive and are located 
within the region R,. Further, 


yor (Ri, t) 


represents the number of females of the 
same kth generation alive at time ¢t and, 
at that time, located in R,. 

Thus the process of clustering repre- 
sents a particular combination of two 
mechanisms that one might consider 
“elementary” (although each of them is 
rather difficult): the diffusion mecha- 
nism and the birth and death mecha- 
nism, both stochastic mechanisms. Since 
these two “elementary” mechanisms are 
still the subjects of intensive mathemati- 
cal research, it must be obvious that the 
possibility of their combination is lim- 
ited to considerable simplifications and 
that whatever results are obtained now 
have been obtained at some cost. There 
are several items in this cost that we 
sincerely regret. One is our inability to 
treat the problem other than by assum- 
ing that multiplication processes occur 
only at fixed intervals of time. 


Postulates Underlying Clustering 


After this somewhat long introduc- 
tion, we enumerate briefly the postulates 
underlying the process of clustering. 
These postulates may be stated in terms 
of abstract “particles” which later can 
be identified with more or less arbitrary 
concrete entities, such as cosmic ray par- 
ticles, galaxies, beetles, cancer cells, or 
even ideas. However, we expect a gain 
in intuitiveness by speaking directly of 
consecutive generations of some living 
species. 

We begin by contemplating a habitat, 
essentially a Euclidean space of an arbi- 
trary number of dimensions, possibly a 
plane. In this habitat, we introduce a 
system of coordinates and consider arbi- 
trary regions R,,R,, ..., postulated to 
be Borel-measurable, The datum of the 
problem is the distribution law of “an- 
cestors” of a population. Given an arbi- 
trary finite system of regions 


es ee 


this law must determine the joint proba- 
bility distribution of the random varia- 
bles a(R,) and B(R,), t=1,2,..., 5, 
representing the numbers of male and 
female ancestors which at time t=0 are 
located in R;. For example, at time t = 0 
there may be just one female ancestor 
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located at the 


Then 


origin of coordinates. 


P{a(R, O7=1 


for all 7, while 


PiB(Ri) =1}=1 

only if the region R; contains the origin 
of coordinates. Alternatively, it may be 
given that at time t=O the ancestors, 
both males and Poisson- 
wise distributed over the habitat (or over 
a specified part of it), with a constant 
or a variable density, and so forth. 

Further postulates are as follows. 

1) Postulate regarding births. It is as- 
sumed that at each moment kT, where 
2-8) 8 
k=0,1, every then living female, 
whether of the ancestral or of any other 
generation, gives birth to a “litter” of 
progeny. The individuals born at mo- 
ment kT form the kth “generation.” 

2) Postulate regarding the distribu- 
tion of litters. The point at which a lit- 
ter is born coincides with the location, 
at that time, of the mother female. 

3) Postulate regarding the size of lit- 
ters. The number of members of a litter 
is a random variable v=0,1,2,..., with 
an unspecified probability generating 
function G:(u) which may be assumed 
to depend on the generation of the 
mother female or on the location of the 
litter, or on both. However, it is assumed 
that the variables v corresponding to dif- 
ferent litters are mutually independent 
and independent of all other variables 
involved in the model. 


females, are 


fixed positive number and 


This is one of the assumptions that 
we were forced to adopt with great re- 
gret. One of the notable features in the 
development of real populations is the 
possible dependence of the birth rate on 
the degree of local congestion of the 
population so that an important gener- 
alization needed in the theory of cluster- 
ing is a device, seemingly easy but one 
we found difficult, introducing “density 
dependent” distributions of the size of 
the litter. 

4) Randomness of sex. It is assumed 
that the determination of sex of a litter 
member is random, with a fixed proba- 
bility F that a given individual will be 
a female. The determinations of sex of 
any given individuals are mutually inde- 
pendent and independent of all other 
variables of the system. 

5) Random survival. For any two 
positive numbers t, and t, > t,, we pos- 
tulate the existence of the conditional 
probability (t,, t,) that an individual of 


the population alive at age ¢, will sur- 
vive up to age ty. For 


O< th t<ts 


this probability must satisfy the con- 
sistency relation 


8 (th, tz) = O( ts, te) (te, ts) 

The survival of particular individuals of 
the population is assumed to be inde- 
pendent of the survival of other indi- 
viduals and independent of all other 
events in the system. 

The probability of survival 9(t,, t,) 
may be assumed to depend upon the sex 
of the individual concerned and also on 
its location at its age t,. However, we 
did not succeed in developing a theory 
involving “density dependence” of sur- 
vival. 

6) Random migration. The essential 
contents of this postulate are that the 
individuals of the population migrate in 
the same manner as, and independently 
from, one another and that the speed of 
migration depends only on the age of 
the individuals concerned. Mathemati- 
cally, the postulate refers to an indi- 
vidual aged t, located at a point u (we 
use just one letter to denote the several 
coordinates of a point in the habitat, 
whether it is a plane or a higher dimen- 
sional Euclidean space), and to a subse- 
quent moment of time t, > t,. Assum- 
ing that the individual concerned sur- 
vived up to age t,, we denote by X its 
position at that time. X is considered a 
random variable with probability den- 
sity 


f(x — 4, ty, te) 

depending upon the distance x-—u be- 
tween the location x at age t, and the 
location wu at age t,, and on the ages 
t, and ¢,. Also it is assumed that the 
migrations of particular individuals are 
mutually independent and independent 
of all other variables of the system. The 
function f thus introduced may be called 
the “dispersal” function of the litters. It 
must satisfy the obvious consistency re- 
lation, 

Starting with the above postulates, we 
were able to obtain an explicit formula 
determining the joint spatial distribution 
of males and females of each two con- 
secutive generations that are alive at any 
preassigned moment t. Also, a recursive 
procedure was developed leading to a 
similar result for any number of gen- 
erations. Unfortunately, the process of 
births, the determination of sex, migra- 
tion, and deaths are complicated, so that 
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the resulting formulae are also compli- 
cated and the limitations of time pre- 
vent us from writing the formulae. They 
have already been published (3). 


Biological Populations 


Out of the various domains in which 
the process of clustering has been ap- 
plied thus far, the development of bio- 
logical populations appears to be more 
complicated and more demanding than 
others. Here the main complicating fac- 
tor is the multiplicity of generations con- 
tributing to the population of individ- 
uals alive at any time t. Also, there is the 
already mentioned demand for density- 
dependent probabilities. In other do- 
mains we frequently have to deal with 
only two generations, the “ancestors” 
and the “progeny.” Furthermore, there 
is ordinarily, no embarrassment with the 
assumption of regularly spaced “births.” 


Bombing 


In the study of bombing we were con- 
cerned with the so-called force require- 
ment and the optimum method of re- 
leasing bombs. The criterion was the 
expected pattern of bombs over a tar- 
get. Here the generation of “ancestors” 
is composed of imaginary points repre- 
senting “centers of impact” of bombs 
released by single formations of planes. 
Their distribution is generated by the 
so-called “errors of aiming.” The “prog- 
eny” are the single bombs, and their 
“migration” is the ballistic dispersion 
combined with the intentional spread 
achieved by the method of release of 
bombs by particular planes. 


Cloud Chambers 


In the problem of ionization within a 
cloud chamber, the ‘“‘ancestors” are the 
so-called “primary events” consisting of 
encounters of the cosmic ray particle 
with the atoms of gas filling the cham- 
ber. These primary events are supposed 
to be Poisson-distributed along the path 
of the particle. Single primary events 
are not observable. On the other hand, 
the individual members of “progeny” 
“surviving” up to a certain time are ob- 
servable, and the problem consists of 
deducing their distribution. 

Each primary event creates a random 
number v of pairs of ions. Also, most 
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of the ions (again a random number 
become centers of droplets. The ions 
created by a given primary event are 
its “progeny.” Those of the ions that 
bear droplets are the “surviving” prog- 
eny. The “dispersal” of progeny corre- 
sponds to the displacements of droplets 
due to Brownian motion occurring be- 
tween the time of passage of the cosmic 
ray particle and the time a photograph 
of the cloud chamber is taken. The ob- 
servations give the numbers of droplets 
in unit lengths along the path of the 
cosmic ray particle, counted on the pho- 
tographs. 


Cosmology 


The two problems just described are 
mentioned here not because of their in- 
trinsic importance or particular interest 
but merely as illustrations, with the hope 
that their perusal may suggest other 
fields where the theory of the same proc- 
ess of clustering might be useful. 

The domain in which the stochastic 
process of clustering appears to promise 
results more interesting than in others 
is the domain of cosmology. Here its ap- 
plications, combined with unfortunately 
all-too-heavy numerical work, promise 
solutions of several problems of prime 
general interest which, as far as we can 
see, appear intractable in any other way. 
In fact, with a little luck in attracting 
the attention of more workers in the 
field, the process of clustering, with its 
further theoretical developments, may 
easily become the basis of a new theory 
which we like to call indeterministic 
cosmology. The presentation of the prob- 
lems involved, in order to be intelligible, 
requires a substantial substantive astro- 
nomical background which may be found 
in a recent publication (10). Here we 
have to limit ourselves to a few brief 
remarks. 

One of the most remarkable features 
of modern cosmology is a sharp diver- 
gence between the relevant mathemati- 
cal work on the subject and the work 
of observational astronomers. The latter 
is concerned with single galaxies and 
with clusters of galaxies. The clusters 
appear as independent dynamical sys- 
tems composed of a varying number of 
members. The variation in the number 
of cluster members is tremendous. There 
are galaxies which appear to be isolated, 
thus forming “clusters” with one single 
member. Also, there are known “double 
galaxies,” or clusters with two members. 


Then there are groups of three, four 
five, and so forth, and, finally, there are 
clusters with memberships running into 
thousands. The member galaxies of par- 
ticular clusters vary considerably in their 
structure, intrinsic brightness, and other 
characteristics. All this is the subject of 
intimate and intensive study by obser- 
vational astronomers. Briefly, the subject 
may be described as the local concen- 
trations of matter in our space, with 
their infinite variations of character- 
istics, mass, brightness, velocity, chemi- 
cal composition, and so forth. i 

Paradoxically, while the observational 

astronomers concentrate their efforts on 
these local irregular concentrations of 
matter, the theoretical cosmologists be- 
gin with the hypothesis that no such 
local concentrations exist! In the words 
of one of the most distinguished con- 
temporary theoretical cosmologists, all 
“the observed agglomeration of matter 
into stars and nebulae (galaxies), and 
even into clusters of nebulae, is to be 
replaced by a smeared-out substratum 
a sort of fluid) which preserves only 
the uniformities common to all regions 
—and thereby robs it of most of those 
characteristics which make the skies a 
delight and a challenge to poet and as- 
tronomer alike!” 

The reason for this divergence be- 
tween observational and theoretical cos- 
mology is that the latter is built on de- 
terministic mathematics. In order to be 
able to treat the universe deterministi- 
cally, it is necessary to deal with only a 
few hypothetical quantities characteriz- 
ing, hypothetically, this universe, so as 
to be able to write down and to analyze 
the relevant differential equations. The 
results of this analysis are described as 
the “basic undergarment” of cosmology, 
and the hope is expressed that compara- 
bility with observations may be achieved 
by merely “tacking” onto the undergar- 
ment a few “frills and furbelows re- 
quired to express individuality.” 

In addition to the concept of sub- 
stratum, the classical cosmological theo- 
ries adopt another hypothesis, described 
as the cosmological principle. The for- 
mulations of this principle are invari- 
ably extremely vague. Here is one of 


‘them: “Observations . . . have given rise 


to the notion that the distribution and 
motion of matter in any sufficiently large 
spatial region of this universe are, by 
and large, intrinsically much the same 
as those in any other similar region, re- 
gardless of its position and orientation. 
This presumed uniformity in the large 
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implies a certain form of a principle of 
relativity, sometimes called, appropri- 
ately enough, the ‘cosmological prin- 
ciple.’ ” 

There is little doubt that the “cosmo- 
logical principle” is an extension of the 
Copernican revolution against the dogma 
of the earth’s being the center of the uni- 
verse. After denying this privilege to our 
planet, a further step was taken leading 
to the assumption that the universe has 
no “center” at all and that, in fact, 
“essentially,” whatever happens in one 
spot of the universe, is “essentially” 
equivalent to whatever happens in an- 
other. While the idea itself is attractive, 
the notorious “local irregularities” in the 
distribution of matter jump to the eye 
and create embarrassment. 

As far as we can see, this embarass- 
ment persists only so long as one searches 
among the concepts of deterministic 
mathematics for a system that can ac- 
count for the “essential” uniformity of 
the universe combined with the observed 
tremendous “local irregularities.” On the 
other hand, it seems to us that the dif- 
ficulty immediately disappears if one 
adopts the indeterministic point of view. 
This involves the adoption of the atti- 
tude that the universe, as we see it, is a 
single realization of a four-dimensional 
stochastic process (three spatial coordi- 
nates and one time coordinate). The 
vaguely expressed assumption that “the 
distribution and motion of matter in 
sufficiently large spatial regions are, by 
and large, intrinsically much the same 

’ corresponds to a conceptually rig- 
orous hypothesis that the stochastic proc- 
ess in question is stationary in the three 
spatial coordinates. Operationally, the 
same assumption of stationarity may be 
expressed by postulating that in every 
region of space there exists a particular 
chance mechanism, the same for all re- 
gions, governing the distribution of mat- 
ter and its motions. 

It must be obvious that the adoption 
of the point of view just described re- 
moves the cleavage between observa- 
tional and theoretical cosmology. The 
“local irregularities” are no longer in 
conflict with the theory postulating uni- 
versal uniformity. The reason is that the 


sameness of chance mechanisms oper- ° 


ating at two different points in space 
or time, or both, is, by virtue of their 
being chance mechanisms, perfectly con- 
sistent with even the most marked dif- 
ference in observable manifestations. 
Considerations of this kind led us to 
believe that the esthetic value of the 
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cosmological theory will be markedly in- 
creased if, instead of starting determin- 


istically and then “tacking on” the frills 
and furbelows of indeterministic ele- 
ments, indeterminism is adopted from 
the very beginning. The work involved 
consists of the invention of a four-di- 
mensional stochastic process with conse- 
quences which would agree with obser- 
vations. In constructing this process it is 
natural to take into account both the 
ideas underlying the classical determin- 
istic theories and the concepts and pre- 
occupations of observational astronomy. 
As already mentioned, the latter involve 
clusters of galaxies with varying num- 
bers of members. Thus, inspired by dis- 
cussions and joint work with colleagues 
C. D. Shane and more recently N. U. 
Mayall, both of the Lick Observatory, 
our own efforts over the last decade 
have been directed toward the construc- 
tion of a four-dimensional stochastic 
process of clustering to represent the 
universe, and the development of meth- 
ods of its study using the available ob- 
servations. 

Before concluding we wish to mention 
an interesting aspect of the latter prob- 
lem. Although the process of collecting 
observational data takes time, compared 
with the cosmic scale, the intervals of 
time involved are negligible and no nu- 
merical error is to be expected from the 
assumption that all the observations thus 
far accumulated were made simultane- 
ously. However, it must be realized that 
the observations made on a single photo- 
graphic plate, recording images of sev- 
eral galaxies, refer to happenings at 
those galaxies which occurred at widely 
different epochs in time. The reason is, 
of course, that, generally, no two galax- 
ies are at the same distances from us, 
that the variation in these distances runs 
into millions of light years and _ that, 
therefore, the observation of one galaxy 
A may refer to what happened say 100 
million years ago and the simultaneous 
observation of another galaxy B to the 
happenings some 200 
earlier. 

Because of this fact, the realization of 
the hypothetical four-dimensional sto- 
chastic process representing the universe 
is not directly observable. All the obser- 
vations now available and also those 
that may be available in the future refer, 
essentially, to another process, with only 
two dimensions (symbolized by the angu- 
lar coordinates of the galaxies), which 
represents sort of a reflection or an ab- 
breviated projection of the basic four- 


million years 


dimensional process. Here the word ab- 
breviation is used to refer to the fact 
that, owing to great distances, some of 
the far-away galaxies are too faint to be 
observed by our instruments. To our 
minds, the possibility and the intricacies 
of the study of the basic four-dimen- 
sional process, using only its “abbrevi- 
ated” two-dimensional projection is “a 
delight and a challenge” to the mathe- 
matical statistician and astronomer alike! 

In addition, the indeterministic study 
of cosmology has an aspect for which the 
word utilitarian may not be altogether 
inappropriate: it so happens that cer- 
tain questions raised by the determinis- 
tic theory, namely the distinction be- 
tween the various theories of expansion 
of the universe, cannot be solved through 
the deterministic approach yet promise 
a solution through a statistical study (J0, 
11). The point is that the nature of the 
two-dimensional stochastic process refer- 
ring to observations—namely the prop- 
erties of the distribution of images of 
galaxies on the photographic plates— 
depends upon whether or not the uni- 
verse is expanding (strictly speaking, on 
whether the basic four-dimensional sto- 
chastic process is stationary in all four 
dimensions, including time) and _ this 
may be tested by comparisons with ob- 
servations. 
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Radiocarbon from 


Nuclear Tests 


During the past 4 years man has been producing 


carbon-14 about 15 times faster than nature. 


Wallace S. Broecker and Alan Walton 


As a result of the generation of neu- 
trons in nuclear tests and their subse- 
quent reaction with nitrogen in the at- 
mosphere, considerable “man-made” C14 
has been added to the earth’s dynamic 
carbon reservoir. On the basis of the 
measured neutron yield per unit energy 
release and on the assumption that about 
two-thirds of the C1* produced falls back 
as calcium carbonate, Libby (/) has esti- 
mated that 10 x 1027 atoms of C1* have 
been introduced into the atmosphere as 
CO,. Rafter and Fergusson (2) have 
shown that the C!* concentration in 
Southern Hemisphere tropospheric CO, 
has been increasing 2.1 percent per year 
since 1955. For the Northern Hemi- 
sphere, de Vries (3) has suggested an 
increase of 4.3 percent between 1953 
and 1957. The results of Munnich and 
Vogel (4) point to an increase of about 
3.2 percent per year for central Europe 
and 2 percent per year in South Africa 
over the period from 1954 to 1957. 
Considerable interest has been aroused 
in the possible genetic effects of this in- 
crease in the C1* concentration, the po- 
tential hazards having been reviewed by 
Leipunsky (5), Pauling (6), Sakharov 
(7), and Totter et al. (8). Recent data 
related to this increase are presented in 
this article together with a brief discus- 
sion of the probable distribution of bomb 
C™ within the dynamic carbon reservoir. 


Results 


The general rise in the concentration 
of C14 in atmospheric CO, has been 
monitored by direct measurement of the 
C14/C} ratio in samples of atmospheric 
CO, as well as by measurement of plant 
material which has recently fixed atmos- 
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pheric CO,. In order to make these 
measurements directly comparable, all 
the results are normalized to a common 
C183/C2 ratio. This eliminates any dif- 
ferences created by isotopic fractiona- 
tion during the photosynthetic process, 
during the collection of atmospheric 
CO,, or during the chemical processing 
of samples in the laboratory. 

The results are summarized in Table 
1; SC represents the age-corrected per- 
millage difference in the radioactivity of 
the sample CO, gas from that of a 
standard. 
8c“= A* xompre — 0.950 A% oxaric standard 

0.950 A%oxaric standara 
x1000 (1) 





where A*.ampie is the measured C1 ac- 
tivity of the sample corrected for radio- 
active decay during the period between 
sample formation and measurement, and 
A° oxalic standard IS the C1* activity of the 
National Bureau of Standards C** stand- 
ard, corrected for radioactive decay be- 
tween 1 January 1958 and the measure- 
ment date. The factor 0.950 is intro- 
duced so that the age-corrected values 
of wood grown during the 19th century 
fall close to zero on the scale. Activity 
measurements were made by the tech- 
nique described by Broecker et al. (9); 
errors are based on the reproducibility 
of the counting measurements rather 
than on radioactivity statistics alone. 

Following Craig (10), the 5C** results 
are expressed as per-millage difference 
from the Belemnite standard. The iso- 
tope ratio measurements were made 
with a Consolidated 401 double-collect- 
ing mass-spectrometer on the CO, gas 
used for the radioactivity measurement 
(11). The uncertainty in the 5C?% re- 
sults is about 1 per mill. 


Normalization to a common C13/€}12 
ratio is carried out as follows: 


AC* = 6c" ‘a 26C* 
[1 + (8C"/1000)]—50.0 (2) 


Again, the constant term (—50.0) is in- 
troduced so that AC1* for age-corrected 
19th-century wood falls close to zero on 
the scale (72). 

The results from the Northern Hemi- 
sphere are plotted against time in Fig. 1 
and suggest a general increase of about 
50 per mill (5 percent) per year in the 
C1* concentration of atmospheric CO, 
over the past 3 years. This is somewhat 
higher than the estimates given by de 
Vries (3) and Munnich and Vogel (4). 
The spread of the points in Fig. 1 must 
be related at least in part to local re- 
lease of large quantities of industrial 
CO, (13). Consequently, the curve has 
been drawn through points obtained on 
samples collected in areas removed from 
intense industrial activity (the Great 
Basin, the North Atlantic Ocean, and 
the Mediterranean Sea). The horizontal 
portion of this curve has been fixed by 
using Fergusson’s value of — 20 per mill 
for the average Suess effect (13). It is 
interesting to note that data obtained 
by Munnich and Vogel (4) on plant 
material from Germany show, in gen- 
eral, a smaller increase than the data 
that define the curve in Fig. 1. If plotted 
in Fig. 1, these data would agree -well 
with the data from Kearney, Palisades, 
and Rome. 

The difference between the C1 con- 
centration in leaf samples grown at La- 
mont Geological Observatory and that 
in average Northern Hemisphere tropo- 
spheric CO, appears to be increasing 
with time. Such an increase would not be 
expected if the difference were a result 
of a higher local Suess effect. The sug- 
gestion of Munnich and Vogel (4) that 
plants grown in areas of dense vegetation 
may take up an appreciable quantity of 
CO, given off by adjacent soils provides 
a possible explanation for such a diver- 
gence. For, since much of the CO, given 
off by soils probably results from the 
decay of organic materials formed prior 
to bomb testing, the contrast between the 
C** concentration in soil CO, and that 
in atmospheric CO, is increasing rapidly 
with time. In this connection it is of in- 
terest to note that the points defining the 
curve in Fig. | are all from areas of sparse 
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Fig. 1. Carbon-14 concentration of atmospheric CO, in the Northern Hemisphere plotted 


against time. 


vegetation and thus are free from influ- 
ence of soil CO, as well as from that of 
local industrial CO,. 

Figure 2 compares the data for the 
Northern Hemisphere (Fig. 1) with 
those published by Rafter and Fergus- 
son (2) for the Southern Hemisphere. 
In drawing the curve for the Southern 
Hemisphere it was assumed that the La- 
mont and New Zealand 1890 wood 
standards have identical activities, Re- 
cent measurement of the New Zealand 
wood standard at Lamont supports this 
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assumption (the New Zealand labora- 
tory pre-1900 wood average is within 10 
per mill of the value for the Lamont 
1890 wood standard). The two added 
points represent Lamont data from the 
Southern Hemisphere. In the following 
paragraphs it is shown that the prox- 
imity of the two curves lends support to 
Fergusson’s (/3) conclusion (based on 
the distribution of industrial CO,) that 
the mixing rate between the two hemi- 
spheres must be quite rapid (less than 
2 years). 
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Fig. 2. Comparison of atmospheric C™ data for the Northern Hemisphere with data pub- 
lished by Rafter and Fergusson (2) for the Southern Hemisphere. 
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Interhemispheric Mixing 


Since most of the bomb-produced C1 
bomb C1*) is added to the stratosphere 

of the Northern Hemisphere, there are 
two possible modes of mixing between 
the hemispheres: mixing above the tro- 
popause and below the tropopause. Two 
extreme cases may then be considered: 
(i) transfer of bomb C™ from the 
Northern Hemisphere to the Southern 
Hemisphere dominantly in the strato- 
sphere, and (ii) transfer dominantly in 
the troposphere. In the absence of a 
more precise model for atmospheric 
mixing, the simple model of four in- 
ternally mixed reservoirs (Northern and 
Southern Hemisphere tropospheres and 
stratospheres) separated by semiperme- 
able membranes is used. 

In the first case, the rate of change 
in the number of bomb-produced C1 
atoms in the Southern Hemisphere tro- 
posphere (Ng) at any time ¢ is given 
by: 


= Ns, (3) 





where A, is the mixing coefficient be- 
tween the stratosphere and troposphere 
and Ng, is the number of bomb-pro- 
duced C1 atoms in the Southern Hemi- 
sphere stratosphere. In words, this equa- 
tion simply says that the rate at which 
the amount of tropospheric bomb C1* 
increases is directly proportional to the 
amount of bomb C1‘ in the stratospheric 
source. The troposphere is so much more 
massive than the stratosphere that the 
return flux of C14 to the stratosphere is 
neglected in Eq. 3. In the case of intra- 
stratospheric transfer, however, both di- 
rections are important, so the equation 
defining the rate of increase in the 
Southern Hemisphere stratosphere is as 
follows: 


dNs, 
dt 





= Ny,ho - Neghe (4) 
where A, is the stratosphere mixing co- 
efficient the Northern and 
Southern Hemispheres and Ny, is the 
number of bomb-produced C1 atoms at 
any given time in the Northern Hemi- 
sphere stratosphere. An equation simi- 
lar to Eq. 3 can be written for the stra- 
tosphere-to-troposphere transfer in the 
Northern Hemisphere: 


between 


dNx_ 
dt 





=1.Nx, (5) 


Since the rate of increase, dNy,,/dt, is 
proportional to the slope of the curve 
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in Fig. 2, and since this slope is approxi- stratosphere before it enters the South- addition of bomb C** to the Southern 
C14 mately constant after early 1955, dNy,,/ ern Hemisphere stratosphere. Hemisphere atmosphere during tests car- 
ee dt is set equal to a constant, B. Again, In the second extreme case, bomb C14 ried out near the equator or in the 
nen the return flux, as well as any loss of travels to the Southern Hemisphere Southern Hemisphere itself. Conse- 
bomb C14 to the ocean or biosphere, is solely through the troposphere. The quently, it can only be said that mix- 
een 10Sp ) Pos} 1 ) ) 
hig. neglected (see below). equation defining the rate of increase of ing between the hemispheres is rapid 
ae Simultaneous solution of the above Southern Hemisphere tropospheric bomb enough so that either the entire strato- 
alt equations yields C14 has the form of Eq. 4, as follows: sphere or the entire troposphere mixes 
- B ' horizontally with a mean mixing time 
the ae i BM I ie cera Mapa 
Ns, = Bt -—(1—e) (6) =N oe (8) of less than 2 years. From the bomb 
ern a ad Nx pha — Ns ap hs Berne: 5 
ships C™ data alone it is impossible to deter- 
a It is assumed that at time zero (March When combined with the previously mine whether the rapid mixing occurs 
rs 1955) all the N terms are zero. Since used relationship, Ny,,=Bt, and inte- above, below, or possibly both above and 
on Ny, = Bt, it follows that grated, Eq. 8 becomes identical to Eq. below the tropopause. 
in- Neg 6, except that A, replaces 4,. Similarly, 
Sr i Brine S 
and Nx, ah = Net (1 —e-As*) (7) Eq. 7 will represent case 2 if 4, replaces : mb 4. 
snd h,. This means that the reciprocal of Quantity and Distribution of 
ne- From Fig. 2 it may be seen that the tro- h,, the mean residence time of a bomb- Bomb-Produced Carbon-14 
pospheric bomb C!* concentration in the produced C!* atom in the Northern 
nge Southern Hemisphere was 0.70 times Hemisphere troposphere, is also about 1 Two major questions next arise: (i) 
C14 that in the Northern Hemisphere in year. Although somewhat lower, this What is the total quantity of bomb C** 
ro- September 1957—that is, at t = 2.5 years, value is consistent with that of 1.5 years added to the dynamic carbon cycle up 
yeti Ng,/Ny_= 9.70. Substitution of these based on a similar calculation by Mun- to March 1958? and (ii) If no more 
values in Eq. 7 shows A, to be about nich and Vogel (4). bomb C14 were added after March 1958, 
1.3. Since the reciprocal of A, is mean The model on which these results are how would the bomb C** concentration 
3) residence time, it follows that the aver- based is admittedly greatly oversimpli- in the atmosphere change with time? 
age bomb-produced C!* atom spends fied, for, among other things, no attempt The answer to the first question re- 
ee about | year in the Northern Hemisphere was made to take into account direct quires not only a knowledge of the 
eré 
ro- 
mi- Table 1. Data showing the rise in the C“ concentration of atmospheric CO: as a result of nuclear testing. 
i Growth Lamont 
. ; : amon 
oe an Location Material 6c 6c” Ac* No. 
the 1875 Pacific Northwest (U.S.) Spruce wood 0+6 — 21.4 - 7+6 L-353D 
ric 1890 Palisades, N.Y. Oak wood 1+5 — 24.0 0+5 L-314 
1938 Palisades, N.Y. Oak wood —29+5 — 24.1 —32+5 L-313 
at 1954 Palisades, N.Y. Oak leaves ~17+6 ~33 ~21+6 L-316B 
the Pre-1955 Lake Winnemucca, Nev. Sage wood 4+7 — 11.2 —23+7 L-288M 
» is June 1956 North Atlantic 
ra- (34°N, 64°W) Atmospheric CO: 62+8 — 9.0 31+8 L-367A 
di June 1956 North Atlantic 
(32°N, 59°W) Atmospheric CO: 54+6 (-8+4) (21+7) L-367B 
Mo July 1956 Mediterranean Sea 
the (41°N, 13°E) Atmospheric CO, 88+8 - 74 54+8 L-367C 
as July 1956 Mediterranean Sea 
(36°N, 23°E) Atmospheric CO, 64+6 - 5.3 25+6 L-367D 
Nov. 1956 Rome, Italy Poplar twigs te *95 — 25.0 18+5 L-371B 
Nov. 1956 Rome, Italy Grain 256 — 25.1 24+6 L-371A 
4) Oct. 1957 Palisades, N.Y. Leaves 53+7 ~ 25.6 57+7 L-445 
Aug. 1957 Kearney, Neb. Leaves 48 +7 — 31.8 65+7 L-415B 
cO- Aug. 1957 Evanston, Wyo. Leaves 83+7 - 28.2 94+7 L-415G 
nd Aug, 1957 Oquirrh Mtn., Utah Leaves 89+7 — 26.0 96 +7 L-415EEE 
ue Aug. 1957 Wadsworth, Nev. Leaves 85+7 — 27.8 95+7 L-415HH 
Aug. 1957 Truckee, Calif. Leaves 91+7 27.2 100 +7 L-415QQ 
V% Nov. 1957 North Atlantic 
nl- (25°N, 56°W) Atmospheric CO, 1927 — 10.8 105 +7 L-464C 
ni- Dec. 1957 North Atlantic , 
ra- (11°N, 35°W) Atmospheric CO, 109+6 — 7.2 75+6 L-466B 
aw Jan. 1958 South Atlantic 
(33°S, 50°W) Atmospheric COz 94+9 - 88 63+9 L-466C 
Feb. 1958 South Atlantic 
(54°S, 64°W) Atmospheric COz 103 +6 - 13.1 82+6 L-466D 
5) Oct. 1958 Palisades, N.Y. Leaves Wes — 27.0 85+5 L-487S 
Sept. 1958 Evanston, Wyo. Leaves 142+7 — 23.7 146+7 L-437B 
i Sept. 1958 Oquirrh Mtn., Utah Leaves Hits 7 — 22.6 LES 7 L-487C 
: Aug. 1958 Wadsworth, Nev. Leaves 1st +9 — 26.1 140+9 L-487D 
ve Aug. 1958 Truckee, Calif. Leaves 126+7 — 26.1 135 +7 L-487E 
| 
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Table 2. Summary of C* measurements on dissolved bicarbonate from the North Atlantic 


and equatorial Atlantic surface waters. 


Standard 


Standard 
: : No. of Average deviation error of 
Collection date samples AC* (0/00) from mean mean 
(0/00) (0/00) 
North Atlantic 
Nov. 1955 8 ~ £8 -S 
June 1956 4 — 48 EN £5 
June 1957 1 —44+7 
Oct. 1957 1 —23+7 
Nov. 1957 4 — 33 ae 4 +6 
Equatorial Atlantic 

Feb. 1956 2 —61 +. 7 +5 
Jan. 1957 2 — 62 +13 +9 
May 1957 1 —68+7 
Dec. 1957 1 


amount of bomb C14 in the troposphere 
but also of the amounts which have 
entered the ocean and the terrestrial 
biosphere as well as of the amount still 
stored in the stratosphere. 

If complete mixing within each hemi- 
sphere is assumed, the amount of bomb 
C14 in the troposphere can be estimated 
directly from Fig. 2 and a knowledge of 
the pre-bomb tropospheric C14 inventory 
(25 x 1027 atoms). Up to March 1958 
the amounts are 1.5x10?7 atoms of 
bomb C1 in the Southern Hemisphere 
troposphere and 2.1 x 10?" atoms for 
the Northern Hemisphere. 

The amount of bomb C1* which has 
entered the terrestrial biosphere can be 
estimated in the following manner. The 
rate of change of bomb C?* in the bio- 
sphere may be written as 
ane = i —N* shs-o (9) 
where N*, and N*, are the number of 
bomb-produced C1* atoms in the tropo- 
sphere and biosphere at any given time 
t; Np is the number of stable carbon 
atoms in the troposphere; Rp is the rate 
of photosynthesis by terrestrial plants 
(that is, atoms of carbon fixed per unit 
time); and App is the average rate of 
decay of terrestrial plant material back 
to CO, (that is, atoms of carbon decay- 
ing per unit time per atom of biospheric 


-48+9 


carbon). When N*p is expressed as B’t, 
where B’ is the observed constant rate of 
increase in the number of atoms of bomb 
C1* in the total troposphere (Northern 
plus Southern Hemispheres), the follow- 
ing relationship results from integration 





of Eq. 9: 
RyB’ 1 
N*n= HG -—— -th -T) 


(10) 


As before, the rate of increase, B’, is 
computed on the assumption that the 
bomb C1 concentration in the tropo- 
sphere has increased at a linear rate 
since March 1955—an approximation 
close enough to the actual situation so 
that no significant error is introduced. 
From data in Fig. 2, B’=1.2x 102? 
atom/yr. From Goldschmidt (/4), Rp 
is estimated to be about 20 x 1015 grams 
of carbon per year, and 1/Ag my, the 
mean life of carbon in the biosphere, to 
be about 15 years. When these values 
are substituted in Eq. 10, the value of 
N*, turns out to be 0.2 x 1027 atoms. 
Since this is small compared with the 
bomb carbon entering other reservoirs, 
the relatively large uncertainties associ- 
ated with Rp and A,_p are not critical 
to the over-all inventory. 

The amount of bomb C* which has 
entered the ocean can be estimated 
from Craig’s (15) value of mean resi- 


Table 3. Inventory of bomb-produced C™ as of March 1958 (10 C™ atoms). 


Terres- 
pi _ Ocean aie J | Total ss oa 
N*r sphere N*o N*s N*7 + N*n + N¥*o + N*s 
N*, 
Minimum 3.6 0.2 0.6 0.7 5.1 
Most probable 3.6 0.2 1.0 7.0 11.8 
Maximum 3.6 0.2 


15 22.5 27.8 
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dence time of CO, in the atmosphere 
with respect to entry into the ocean. If 
the rate, A, for addition of bomb C1* 
to the troposphere, is considered to be 
constant ( this was essentially the case over 
the 3-year period from March 1955 to 
March 1958), and if loss of bomb C*4 
to the biosphere is neglected, then the 
number of bomb-produced C1* atoms 
which have entered the ocean, N*o, up 
to time ¢ is simply the difference between 
the total amount added to the tropo- 
sphere, At, and the amount, N*,p, in the 
troposphere at time ¢; that is 


N*o= At—N*r (11) 


When differentiated with respect to t, 
Eq. 11 becomes 


dN*o/dt = A — (dN*7/dt) ( 12) 


The rate at which bomb C** enters the 
ocean is assumed to be directly propor- 
tional to the amount of bomb C1* pres- 
ent in the troposphere, and the return 
flux from ocean to atmosphere is con- 
sidered negligible; therefore 


dN*0/dt = hr-oN*r (13) 


where Apo is the mixing coefficient for 
transfer of CO, from troposphere to 
ocean. Combining Eqs. 12 and 13 to 
eliminate N* and integrating the result 
gives 

N*,= A 


he -9O0 





(1-eAr-of) (14) 


Substituting this result into Eq. 11 gives 





Nto= 4 [t- (l-e ar-ot) | (15) 


Ar-o 

By using the limits of 0.25 and 0.10 
yr? given by Craig (15) for Apo and 
a value of A based on B’ and an itera- 
tive correction for loss to the ocean, 
upper and lower limits of 1.5 x 10?7 and 
0.6 x 1027 atoms of C' are obtained for 
N*o, with a most probable value of 
1.0x 1027 atoms. This indicates that 
only about one-fourth of the bomb C™ 
added to the troposphere has entered 
the ocean. 

If the bomb C** that has entered the 
ocean were concentrated entirely in the 
upper 100 meters, the C14/C2 ratio in 
average surface ocean bicarbonate should 
be from 12 to 32 per mill higher than 
in 1955. Table 2 summarizes actual 
measurements on samples from the sur- 
face of the north and equatorial Atlan- 
tic over the two-year period from 1955 
to 1957, Although the results suggest a 
small increase (—15 per mill), the un- 
certainties are large enough so that no 
precise estimate of the magnitude of the 
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increase can be given. It appears, how- 
ever, to be less than 30 per mill and 
is thus consistent with the calculated 
estimate. It should be noted that these 
calculations involve only the bomb C** 
which is converted into CO, and not 
that which falls into the ocean as CaCO,. 
The fate of the latter is not known. 

From these data the fraction of bomb 
C14 which has entered the ocean appears 
to be somewhat lower than that given by 
Munnich and Vogel (4), who based 
their estimate on the atmospheric CO, 
residence time given by Rafter and Fer- 
gusson (2) (1.4 years) rather than on 
the value of Craig (13) (7 years) used 
in this study. The Rafter and Fergusson 
value is based on the 18 per mill in- 
crease in C?* concentration of the dis- 
solved bicarbonate in surface ocean 
water from Markara Bay, off New Zea- 
land, over the period from November 
1954 to May 1957. Both the later meas- 
urements by Rafter and Fergusson (2), 
which indicate no further rise over the 
period from May 1957 to March 1958, 
and the data on the Atlantic Ocean 
presented in this article suggest that the 
1.4-year value is not a reliable estimate. 

The critical factor in the over-all in- 
ventory is the amount of bomb C** 
stored in the stratosphere. As pointed 
out by Libby (17), most H-bomb clouds 
rise well into the stratosphere, and so 
it is reasonable to assume that most of 
the newly produced bomb C* is added 
to the stratosphere. In this case a mini- 
mum estimate of the amount stored in 
the stratosphere would certainly be ob- 
tained if the fractional increase in stra- 
tospheric C14 were assumed to be the 
same as that measured for the tropo- 
sphere. Since the stratosphere contains 
only about 20 percent of the amount of 
CO, in the troposphere, the minimum 
is thus 0.7 x 1027 atoms of C**. 

A maximum estimate can be made by 
taking the highest estimates of strato- 
spheric residence time calculated for 
fission-product debris and by assuming 
that all bomb C14 added to the lower 
atmosphere comes down from the strato- 
sphere. In this case 


N*s= A/hs-1 (16) 


where N*, is the number of bomb C# 
atoms in the stratosphere, A is the rate 
of addition of C1 to the troposphere 
from the stratosphere, and Ag. is the 
transfer coefficient from stratosphere to 
troposphere. Again, return flow can be 
neglected since the maximum residence 
time estimate is appreciably longer than 
the period of large-scale bomb testing. 
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If the value of A (1.5 x 1027 atom/yr) 
computed in connection with Eq. 15 is 
used and 15 years is taken as an upper 
limit for the mean stratospheric storage 
time (16), a value of 22.5 x 1027 atoms 
is obtained as an upper limit on N*sg. If 
this is actually the case, the amount of 
bomb C** in the average mole of strato- 
spheric CO, must be about 30 times 
greater than that in each mole of tropo- 
spheric CO,. If the value of 5 years 
given by Machta (1/6) is taken as the 
best estimate, a value of 7 x 1027 atoms 
is obtained. 

When the upper and lower limits for 
each reservoir are summed, limits can 
be set on the total amount of bomb C** 
that had been added to the dynamic 
carbon reservoir through March 1958. 
The results, as summarized in Table 3, 
suggest an upper limit of 28 x 10?7 and 
a lower limit of 5x 1027 atoms (best 
estimate, 12 x 1027 atoms). These values 
may be compared with the estimate of 
10 x 1077 atoms given by Libby (/) for 
the same period. The latter estimate is 
based on the neutron flux per megaton 
and the number of megatons exploded, 
rather than on direct measurements of 
C1 concentration. Since there are at 
present about 2000 x 1027 cosmic-ray- 
produced C14 atoms in the dynamic 
reservoir, the bomb C!* represents a 
total increase of from 0.25 to 1.4 per- 
cent (best estimate, 0.6 percent). Thus, 
complete mixing will result in a 50-fold 
reduction in the atmospheric bomb C14 
concentration if the lower estimate is 
used and a 20-fold reduction if the up- 
per value is used (provided there is no 
further production of C1* by bombs). 

An important question is: How long 
will the mixing process require? Since 
great uncertainties exist concerning (i) 
the rate of exchange between the strato- 
sphere and troposphere, (ii) the size and 
turnover rate of the biosphere, and (iii) 
the patterns and rates of mixing in the 
deep ocean, precise estimates must await 
further work. A contribution to (iii) is 
the extensive program currently being 
carried out at Lamont to determine 
mixing rates in the Atlantic Ocean 
(17). 


Conclusions 


The following conclusions can be 
drawn from the present study (/8): (i) 
The C** concentration in the tropo- 
spheric CO, of the Northern Hemi- 
sphere has increased by about 5 percent 
per year between March 1955 and 


March 1958. (ii) The distribution of 
bomb C'* between the hemispheres sug- 
gests that horizontal mixing must be so 
rapid that either the stratosphere or the 
troposphere becomes mixed in less than 
two years. (iii) Only about 10 percent 
of the bomb C!* produced up to. March 
1958 has-entered the oceans. (iv) Dif- 
ferences within one hemisphere appear 
to be related to local dilution with Ct- 
deficient CO,. (v) The total bomb C14 
added to the dynamic carbon reservoir 
through March 1958 is between 5 x 1027 
atoms and 28 x 107 atoms. The range 
results largely from uncertainty about 
the amount stored in the stratosphere. 
(vi) When the bomb C** produced 
through March 1958 is distributed uni- 
formly throughout the dynamic reser- 
voir, the concentration of C%* in the 
atmosphere will be 0.25 to 1.41 percent 
higher than in the pre-bomb era. This 
increment will then decay away, with a 
half-life of 5600 years. (vii) Critical fac- 
tors still to be determined are the resi- 
dence time of gas molecules in the 
stratosphere and the rate of mixing be- 
tween surface waters and the deep ocean 


(19). 
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2 percent in industrial areas [see, for example, 
Munnich and Vogel (4) }. 
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18. This research was carried out at the Lamont 
Geological Observatory of Columbia Univer- 
sity. Financial support for the oceanic samp- 
ling and analyses program was provided by 


Emotion in Prejudice 


Physiological tests support the thesis that prejudicial 


attitudes are attended by relatively strong emotion. 


Attitudes are viewed psychologically 
as learned sets, preparations for action 
toward particular stimulus objects. Al- 
though some attitudes are referred to as 
prejudicial, the specific characteristics 
which social psychologists agree upon 
as essential criteria for judging whether 
or not an attitude is prejudical are not 
fully understood. 

One of the characteristics most inves- 
tigators agree upon as an essential cri- 
terion for designating an attitude as prej- 
udicial is level of emotionality. In fact 
some psychologists (J) have gone so far 
as to define prejudice as “ 
tional attitude.” Gordon Allport (2) has 
stated this thesis operationally in the 
following way: “We tend to become 
emotional when a prejudice is threat- 
ened with contradiction.” 

Grounds for the thesis that prejudicial 
attitudes are supported by emotion are 
not especially convincing when viewed 
empirically. It may be that the thesis is 
acceptable to many psychologists partly 
because there seems to be no contradic- 
tory evidence. What supporting evidence 
there is has come principally from two 
sources. First, when a person verbally 
expresses a strong negative or positive 
attitude toward some human group, or 
defends such an attitude in the face of 
contradiction, he commonly displays be- 
havior which is interpreted by others as 
emotional. Second, emotionally charged 


- an emo- 





Dr. Cooper is professor of psychology at San 
Jose State College, San Jose, California. 


$14 


Joseph B. Cooper 


words and phrases used in attitude scales 
are often selected by subjects as descrip- 
tive of their attitudes toward certain hu- 
man groups (3). “Attitude scale” refers 
to any paper-and-pencil device to which 
subjects individually respond either by 
placing a given stimulus group (for ex- 
ample, ethnic or national) at some posi- 
tion on a preference continuum, or by 
checking a statement which is descrip- 
tive of the individual subject’s feeling 
toward a given stimulus group. 

If it is true that prejudicial attitudes 
are supported by emotion, it should be 
possible to detect the presence of emo- 
tion by physiological means as well as by 
attitude scale content analysis and overt 
behavior observation. Attitude scale “con- 
tent analysis” is a procedure whereby 
statements which are descriptive of many 
possible feelings toward stimulus groups 
are categorized according to psycholog- 
ical meaning, that is, such meaning cate- 
gories as emotional strength, type of 
emotion, cognitive state, and so forth. By 
“overt behavior observation” is meant 
observing humans react, and recording 
their reactions in accordance with cer- 
tain categories; for example, emotional 
and nonemotional responses: are tabu- 
lated. To our knowledge, physiological 
measurement has not been used to test 
the thesis that prejudicial attitudes which 
are subjected to verbal contradiction are 
supported by relatively high levels of 
emotionality (4). 

It is known that emotion involves 
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widespread physiological changes which 
have the effect of mobilizing the body to 
meet emergency. The galvanic skin re- 
sponse is regarded as a reasonably valid 
index of such physiological changes, 
When this response indicates a decrease 
in skin resistance, the inference is drawn 
that physiological mobilization has in- 
creased. Upon the basis of such an in- 
crease in physiological mobilization, the 
further inference is drawn that the level 
of emotion has increased. For a given 
subject, galvanic skin responses will pro- 
vide an ordinal index of emotional level. 
That is, one measurement may be said to 
be greatest, another next greatest, and so 
on to that which is least. However, the 
response affords no information with re- 
spect to the cognitive direction an emo- 
tion may take. That is to say, the skin 
response does not distinguish scorn from 
fear, rage from joy. 

This article (5) describes three ex- 
ploratory studies, each designed to test 
the validity of the thesis that prejudicial 
attitudes are supported by relatively high 
levels of emotionality. 


Responses to Verbal Contradiction of 
Positive and Negative Attitudes 


In the first study (6) college students 
were asked to rate and rank 20 alpha- 
betically listed ethnic and national groups 
in terms of preference. Subjects rated 
each group independently by checking 
one of six graded preference categories: 
“like intensely” to “dislike intensely.” 
They ranked the groups by designating 
the group liked best, next best, and so 
on, to the group liked least. The groups 
were: Argentines, Austrians, Canadians, 
Chinese, English, French, Germans, 
Greeks, Indians (India), Irish, Italians, 
Japanese, Jews, Mexicans, Negroes, Fili- 
pinos, Poles, Russians, Swedes, Turks. 
Interest did not reside in the particular 
named groups, but rather in each sub- 
ject’s negative and positive attitude-in- 
dicating responses to groups as groups. 

Of 126 subjects, 26 confirmed the va- 
lidity of their highest and lowest rankings 
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(positions 1 and 20) by also rating those 
groups high and low, respectively. It was 
assumed that extreme rankings which 
were confirmed by extreme ratings iden- 
tified prejudicial attitudes. Twenty of 
these 26 subjects were subsequently 
available for individual laboratory ses- 
sions. 

The equipment used to measure gal- 
vanic skin responses was a Stoelting psy- 
chogalvanoscope. With this equipment, 
resistance changes were indicated by a 
dial needle which reflected “units of re- 
sistance.” Deflection magnitudes could 
not be directly compared from subject 
to subject since subjects balanced in at 
different response (resistance) levels. 
However, for a given subject in a given 
session, magnitudes of needle deflections 
could be directly compared. Thus, for a 
given subject, it was possible to obtain 
both ordinal and interval values of sev- 
eral possible emotion-evoking stimuli. 
That is, for a given subject, not only 
could his galvanic skin response magni- 
tudes be ordered to ranks, but they 
could be assigned quantitative values 
which permitted their conversion to 
ratios. Because needle excursions varied 
not only in space covered but also in 
duration, the responses were estimated 
as the product of needle deflection mul- 
tiplied by time. This was the procedure 
followed in this study. During the pres- 
entation of a stimulus by the experi- 
menter the equipment operator observed 
two things, needle deflection and time. 
If and when the needle passed the fifth 
calibration mark (the pin was at 35 
maximum) he started his stop watch. He 
stopped his watch when the needle came 
to the fifth calibration mark on its re- 
turn. 

Four brief evaluation statements were 
composed for use in the individual ex- 
perimental sessions. Each was designed 
so that the name of any group could be 
inserted into it. Two of the statements 
could be used to place any inserted 
group name in a derogatory light, and 
the other two to place any inserted group 
name in a complimentary light. For a 
given subject, the name of his most liked 
group was inserted into one of the de- 
rogatory statements, and the name of his 
most disliked group was inserted into 
one of the complimentary statements. 
The names of the groups that the sub- 
ject ranked in positions 10 and 11 were 
inserted into the two remaining state- 
ments—one derogatory and one compli- 
mentary. The order of presentation of 
the statements and the insertion of 
ranked (as confirmed by ratings) groip 
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names was randomized from subject to 
subject. The equipment operator had no 
way of knowing either the content or 
strength of the subject’s scaled attitude 
toward any group. 

One of the derogatory statements was: 
“People can be divided into two groups: 
the good and the bad. Close to the bot- 
tom of the list are the . They cer- 
tainly can be said to have caused more 
trouble for humanity than they are 
worth.” One of the complimentary state- 
ments was: “The world over, no single 
group of people has done as much for 
us, for our civilization, as the 
The world will undoubtedly come to 
recognize them as honest, wise and com- 
pletely unselfish.” The other statements 
were similar to these. 

After a subject had been balanced in, 
a trial statement which incorporated the 
name of the group the subject had 
ranked in position 9 was read. Follow- 
ing this the four critical statements were 
read. 








Since galvanic skin response raw scores 
could not be directly compared from 
subject to subject, each subject’s labora- 
tory session was treated as an independ- 
ent experiment. That is, intrasubject 
rather than intersubject comparisons 
were made. Thus, 20 separate experi- 
ments were conducted. The problem was 
reduced to determining in how many ex- 


periments the critical stimuli evoked 
relatively greater responses than did the 
neutral stimuli. The data were analyzed 
in two ways. 

In the first analysis, each subject’s 
skin responses to the names of the groups 
he had ranked in positions 10 and 11 
were averaged. It was then determined 
by simple inspection whether or not re- 
sponses evoked by critical stimuli (those 
relating to most liked and most disliked 
groups) were larger or smaller than the 
mean of the responses to the noncritical 
stimuli. These data are shown in Table 
1, “First Study.” It will be noted that 
for 14 of the subjects, skin responses 
were greater to derogatory statements 
containing the names of liked groups 
than to statements containing the names 
of groups toward which they had ex- 
pressed a relative attitude of neutrality. 
The binomial test indicated a probabil- 
ity of .059. This provided minimal evi- 
dence for the thesis that positive (that 
is, favorable) prejudicial attitudes are 
supported by relatively great emotional- 
ity. However, for 19 of the 20 subjects, 
galvanic skin responses were greater to 
complimentary statements containing the 
names of disliked groups than to those 
containing the names of neutrals. In this 
instance p < .001. Thus, substantial sup- 
port for the thesis that negative (that 
is, unfavorable) prejudicial attitudes are 


Table 1. Galvanic skin responses, in resistance units, to verbal stimuli. Stimuli under “No, 
1” consisted of derogatory statements about the group most liked by the subject. Stimuli 
under “No. 20” consisted of complimentary statements about the group most disliked by 
the subject. Greater refinement in measurement in the second study accounts for the 


decimals. The subjects in the first study were not the same as those in the second. 





First study 
Sub- Mean of No. 1 
ject Nos. 10 and 11 —— 
1 170 8 
2 83 120 
3 593 1400 
+ 317 1575 
5 5 600 
6 952 992 
7 169 70 
8 187 420 
9 30 25 
10 96 20 
11 29 160 
12 145 88 
13 49 105 
14 42 70 
15 346 364 
16 161 308 
1 he 35 
18 421 520 
19 42 12 
20 49 208 
21 
22 
23 


Second study 


Mean of 


No. 20 Nos. 10 and 11 No. 20 
247 11.30 47.14 
88 10.75 16.45 
700 59.60 69.30 
360 8.95 1.20 
550 77.92 206.19 
2100 11.60 46.00 
84 29.29 28:30 
S20 18.00 39.20 
48 6.76 24.64 
325 18.32 25.79 
91 6.69 18.60 
150 32.24 72.90 
310 5.20 8.29 
60 29.30 23.30 
350 10.12 36.72 
432 10.25 27.35 
208 23.74 41.13 
594 24.81 60.62 
200 57.68 113.51 
180 18.97 150.50 
5.17 23.70 

14.16 22.95 

44.79 53.61 











supported by relatively great emotional- 
ity was provided by this result. 

The second analysis was purely de- 
scriptive. Ratios for each subject’s skin 
responses were computed for the follow- 
ing: neutral attitude response (rank po- 
sition 10) to neutral attitude response 
(rank position 11), positive attitude re- 
sponse to mean neutral attitude re- 
sponse, and negative attitude response 
to mean neutral attitude response. When 
these three distributions of ratios (Table 
2, “First study,’ and Fig. 1) were 
compared, one significant observation 
emerged. The ratios of neutral to neu- 
tral stimulus-evoked responses clustered 
around unity; the variability was rela- 
tively slight. For both the negative 
attitude and positive attitude stimulus- 
evoked responses to neutral stimulus- 
evoked responses, the ratio variability 
was clearly much greater. This lends 


RATIOS RANKED IN DESCENDING ORDER 


support to the contention that the group 
name stimulus was principally respon- 
sible for response magnitude, rather than 
the evaluation statement itself. 


Responses to Verbal Contradictions of 


Negative Attitudes—Partial Replication 


The second study (7) 


) was designed 
as a partial replication of the first. In 
view of the fact that in the first study 
only one of 20 subjects failed to respond 
to a negative attitude stimulus with 
greater emotionality than to the mean 
of neutral stimuli, it was apparent that 
further study of this relationship was 
warranted. Thus, the second study dealt 
only with negative prejudicial attitudes. 

The same rating and ranking scales 
that were used in the first study were 
administered to 176 college students. Of 
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Fig. 1, Ratio distributions from the first study. Ratios of scale positions No. 10 to 11 
relatively restricted, approximately the same number falling above and below unity. 
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are 


these, 31 gave extremely low ratings to 
the groups they ranked lowest. Twenty- 
three of these subjects were subsequently 
available for skin response sessions. 

A self-recording galvanic skin response 
unit of a Keeler polygraph was used in 
place of the dial-indicator Stoelting 
psychogalvanoscope. This polygraph is 
equipped with a kymograph which car- 
ries chart paper at a uniform rate be- 
neath a recording pen. Skin response 
magnitude may be calculated by meas- 
uring the area under the curve between 
two given points. 

Four 18-word complimentary state- 
ments were so constructed that the name 
of a selected group could be inserted as 
the second word. One of the statements 
was: “The ———— have demonstrated to 
the rest of the world that their excel- 
lence is justly and honestly earned.” 

Subjects were individually escorted 
into the laboratory room by the experi- 
menter. Rapport was established by in- 
troducing the subject to the equipment 
operator, and briefly describing the equip- 
ment and the manifest purpose of the 
experiment. After the subject was com- 
fortably seated in a specially designed 
chair, directions were read by the ex- 
perimenter. The directions included a 
statement instructing the subject to re- 
frain from overtly verbalizing about any 
of the statements. Subjects were urged 
to “concentrate on the statement, imagi- 
ning how you feel about it or how you 
would respond.” This control was intro- 
duced with the intention of reducing the 
possibility that part of the measured af- 
fectivity might be a function of prepar- 
ing, responding, and listening to one’s 
own speech in a social setting. The sub- 
ject was seated facing the experimenter, 
slightly to the right of the equipment 
and operator. His position was such that 
he could see both the equipment and the 
operator but could not observe the pen 
tracings. 

The equipment operator then attached 
palmar electrodes. While the experiment- 
er read the directions, the equipment 
operator began balancing the subject 
into the bridge circuit. After balancing in 
had been accomplished, the operator 
nodded to the experimenter, who, after 
a pause of about 10 seconds, began read- 
ing the first statement. The first state- 
ment was the same for each subject and 
contained the name of the group the 
subject had placed in rank preference 
position 9..This was for the purpose of 
validating the skin response base line 
which had been established for the sub- 
ject. Into the three remaining state- 
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ments were inserted the names of the 
groups the subject had ranked at __posi- 
tions 10, 11, and 20. The orders of 
presentations of both the group names 
and the statements were randomized 
from subject to subject. 

The same data analyses were made in 
this study as in the first. Each subject’s 
galvanic skin responses to his rank posi- 
tion 10 and 11 stimuli were averaged. 
This mean magnitude was then com- 
pared with the magnitude of his response 
to the statement containing the name of 
his 20th rank position. These data are 
shown in Table 1, “Second study.” In 20 
of the 23 cases, responses were greater to 
statements containing the subject’s most 
disliked groups. The binomial test indi- 
cated p < .001. Thus, this finding con- 
firmed its counterpart in the first study. 

Ratios for each subject’s galvanic skin 
responses were computed as follows: re- 
sponse for the statement containing the 
group name of rank position 20 (dis- 
liked) to the mean response for prefer- 
ence positions 10 and 11 (neutrals), and 
the response for rank position 10 to the 
response for rank position 11. When 
these ratios were rank distributed (Ta- 
ble 2, “Second study,” and Fig. 2) the 
same pattern that was found in the first 
study appeared. The ratios of negative to 
neutral stimulus-evoked responses were 
widely distributed, whereas those of 
neutral to neutral were relatively re- 
stricted. This tends to confirm the re- 
sults of the first study, which led to the 
inference that the group name stimulus 
is an independent variable of importance 
in determining skin response magnitude. 


Attitudes Predicted from Skin Response 
Measurements—Reverse Design 


In the third study (8) the basic de- 
sign of the first and second studies was 
reversed. Subjects were first measured 
for galvanic skin responses to compli- 
mentary statements in reference to nine 
ethnic and national groups. At a later 
time these subjects were administered an 
attitude scale containing the names of 
the same groups. From skin response 
records, predictions were made with ref- 
erence to subjects’ scale-measured atti- 
tudes. The basic prediction was: -an ex- 
cessive galvanic skin response to a com- 
plimentary statement concerning a group 
identifies that group as the object of a 
negative prejudicial attitude. In this 
study, subjects were not first screened 
and selected upon the basis of attitude 
scale results. Nothing was known of a 


7 AUGUST 1959 


RATIOS RANKED IN DESCENDING ORDER (isft fo right) 
cae er ee nee a 





Ratios of scale positions No.20 to mean of NalO & Nall 


ie a 





MAGNITUDE 
who 
888 

rTTTIrt 








@ 
8 
Terre T 


Ratios of scale positions No.IO to No.II 





SSeS ere eee 


Fig. 2. Ratio distributions from the second study. Ratios of scale positions No. 10 to 11, 


as in the first study, are relatively restricted and quite evenly balanced above and- below 
unity. 








Table 2. Galvanic skin response ratios, arranged in order of magnitude. Neutral-to- 
neutral ratios are the ratios of responses to groups ranked No. 10 to responses to groups 
ranked No. 11. Critical-to-neutral ratios are of two kinds: positive-to-neutral, and nega- 
tive-to-neutral. Positive-to-neutral ratios are the ratios of responses to derogatory state- 
ments about groups ranked No. 1 to the mean of the responses to groups No. 10 and No. 
11. Negative-to-neutral ratios are the ratios of responses to complimentary statements 
about groups ranked No. 20 to the mean of the responses to groups No. 10 and No. 11. 
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neutral neutral neutral neutral neutral 
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subject’s attitudes prior to his coming 
to the laboratory. 

Seventy-two college student subjects 
were individually measured for galvanic 
skin response. Nineteen did not respond 
sufficiently for scoring, leaving a total N 
of 53. Approximately 1 week after the 
skin response measurements had been 
completed, these 53 subjects were ad- 
ministered a paired comparison attitude 
scale containing the names of the groups 
which had been used as stimulus objects 
in the skin response sessions. The paired 
comparison scale was so devised that the 
name of each stimulus object (in this 
case, a group) was paired once with 
every other. A subject’s preference for 
each stimulus object could thus be as- 
signed a score by counting the number 
of times the stimulus object was selected 
in preference to its paired opposite. 

The Keeler polygraph was again used. 
Individual galvanic skin response sessions 
differed from those of the second study 
in four minor ways. First, the number of 
complimentary statements was increased 
from three to nine. Second, group names 
were reduced from 20 to 9 and scaled 
by paired comparison. Third, statements 
were not randomized, and only three of 
the group names were positionally ro- 
tated from subject to subject. Fourth, 
the experimenter not only read the state- 
ments but operated the equipment as 
well. 

The order of presentation of the nine 
statements was the same for each sub- 
ject. Final balancing in was achieved by 
reading a preliminary statement which 
referred to the Irish. The names of three 
groups (Japanese, Jews, and Mexicans), 
minorities in the population from which 
the sample was drawn, were successively 
rotated from subject to subject into the 
statements which had positions 3, 5, and 
7. It was suspected that one or another 
of these groups would later be scale-iden- 
tified by some of the subjects as objects 
of strong negative attitudes. The rotation 
of these names was intended as a safe- 
guard against possible positional effects. 

The paired comparison attitude scale 
contained the following group names: 
Austrians, Canadians, English, Germans, 
Irish, Japanese, Jews, Mexicans, Poles, 
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Table 3. Galvanic skin response (GSR) 
and paired-comparison (P-C) ranks for 
stimulus groups. GSR rank 1 indicates 
least response by sample. P-C rank 1 in- 
dicates best liked by sample. 


Stimulus GSR P-C 

group rank rank 
Swedes 1 2 
Canadians 2 1 
Austrians 3 5 
English 4 4 
Poles 5 < 
Germans 6 3 
Japanese ¥ 6 
Jews 8 9 
9 8 


Mexicans 


and Swedes. These names were randomly 
paired so that each appeared once with 
every other. Each subject circled the 
name of the group he preferred in each 
pair. The highest possible score for any 
group was 9 and the lowest was 0. The 
median test-retest Spearman rank corre- 
lation coefficient was .96. 

Again, the hypothesis to be tested was: 
relatively strong prejudicial attitudes are 
supported by relatively high levels of 
emotion, According to the hypothesis, 
group name stimuli which elicit the 
greatest amounts of emotionality should 
identify those groups as objects of rela- 
tively strong prejudicial attitudes as con- 
firmed by attitude scaling. Four analyses 
of the data were made. 

The first analysis was restricted to data 
elicited by the three positionally rotated 
group names: Japanese, Jews, and Mex- 
icans. By inference from the hypothesis, 
it was predicted that a subject whose 
galvanic skin response to one of these 
groups was above his mean galvanic skin 
response would rank that group below 
the median. The accuracy of the pre- 
diction was tested by the chi square test 
for two independent samples (9). For 
Japanese, Jews and Mexicans, the chi 
squares were, respectively, 8.54, 6.73, 
and 9.43. In each case p < .005. For 
most subjects, then, a relatively great 
skin response identified a grovp as rela- 
tively low on the paired comparison 
scale. 

The second analysis dealt with data 


a BO ed 


elicited by all nine group name stimuli. 
It was predicted that in most instances 
the group name stimulus which elicited 
the greatest skin response would be 
ranked below the paired comparison 
scale median. As it turned out, the 
group name stimulus which elicited the 
greatest skin response was ranked below 
the paired comparison rank median by 
43 of the 53 subjects. The binomial test 
result was: Z=-—4.41, p< .001. 

The third analysis was the same as 
the second except for one modification. 
Instead of the single greatest galvanic 
skin response, the two greatest were iden- 
tified and the same prediction was made 
with respect to both being ranked below 
the paired comparison median. Of the 
53 subjects, 41 ranked both below the 
paired comparison scale median. The 
binomial test was again applied: Z= 
— 3.85, p < .001. 

The fourth analysis was directed to 
the relationship between the sample’s at- 
titude consensus toward the nine groups 
and the magnitude of galvanic skin re- 
sponses which the group names elicited. 
The nine stimulus groups were ranked 
according to both skin response magni- 
tude and paired comparison position. As 
predicted by inference from hypothesis, 
a positive relationship was found. The 
rank orders of these two ‘variables are 
shown in Table 3. The Spearman rank 
coefficient was .82, p< .01 (J0). 
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William Fielding Ogburn, 


Social Scientist 


Although officially classified as a soci- 
ologist, William Fielding Ogburn had 
far-ranging interests which carried him 
through all the social sciences for almost 
50 years of research and teaching. Og- 
burn wrote in 1932, “When Wilhelm 
Wundt died in 1920 it was remarked 
that the last of the great men who knew 
it all had passed away. Seventeen years 
earlier when Herbert Spencer died he 
took with him a greater range of knowl- 
edge than Wundt had possessed. 
Previous to Spencer there were many 
great intellects that covered the whole 
field of human knowledge. . . . Wundt 
was the last of the old men of our mod- 
ern civilized tribes” [J. Adult Educ. 
(Jan. 1932)]. Ogburn, in his interests 
and works, must be called the last of 
the great social scientists who wished to 
know it all. It is a tribute both to the 
man who was able to foresee events and 
to the social sciences that the field has 
become so diversified and the total vol- 
ume of knowledge so large that no one 
man can any longer expect to know all 
the social sciences. 

Because of the tremendous range of 
his interests and the vast amount of 
published materials which he produced 
during the years 1912 (when his Ph.D. 
dissertation appeared) to 1959, no ade- 
quate summary or appraisal of his work 
is possible at this moment. As a former 
student and admirer of Professor Og- 
burn I can only hope to highlight those 
aspects with which I am most familiar. 

He was born in Butler, Georgia, in 
1886, took his B.A. at Mercer, and re- 
ceived his Ph.D. in 1912 from Columbia 
University. Between 1911 and 1918 he 
taught economics, political science, his- 
tory, and sociology, first at Princeton 
University, then at Reed College and 
the University of Washington. He was 
professor of sociology at Columbia Uni- 
versity from 1919 to 1927 and then be- 
came Sewell L. Avery distinguished 
service professor of sociology at the Uni- 
versity of Chicago. He retired in 1951, 
at which time he began traveling about 
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the world following his ever-broadening 
interests and desire to see and learn 
more. He lectured at the universities of 
Delhi and Calcutta in India and at 
Nuffield College, Oxford University, in 
England and traveled extensively through 
Asia, the southwest Pacific, Europe, and 
Latin America. Not content with a life 
of complete retirement, he was also vis- 
iting professor of sociology at Florida 
State University. Until the time of his 
sudden death on 27 April 1959, he was 
in vigorous health and continued to play 
tennis with anyone rash enough to face 
him across the net. 

His research career led to his writing 
a number of books and hundreds of 
articles, most of which appeared in pro- 
fessional journals. No complete bibliog- 
raphy of his writings, which included 
articles in the New York Times and 
other nonprofessional journals, is avail- 
able. The publication which probably 
attracted the most attention, both in 
professional and lay circles, was Recent 
Social Trends (1933), which he master- 
minded and directed, and of which he 
wrote a large portion. 

Paralleling his careers as teacher and 
researcher was his career with the fed- 
eral government. During World War I 
he was head of the cost-of-living section 
of the National War Labor Board. Sub- 
sequently he was a special agent for the 
U.S. Bureau of Labor Statistics, where 
he continued working on retail price 
studies for a number of years. He was a 
member of the Consumers Advisory 
Board of the National Recovery Ad- 
ministration in the 1930’s and held posts 
with the Resettlement Administration 
and the National Resources Commis- 
sion. For a number of years he was also 
chairman of the Census Advisory Com- 
mittee. 

His participation in professional so- 
cieties led to his becoming president of 
the American Sociological Society, pres- 
ident of the American Statistical Asso- 
ciation, a vice president of the Amer- 
ican Association for the Advancement 


of Science, and chairman of the Social 
Science Research Council. None of 
these posts was honorary; his students 
can testify that he worked hard at all 
of these, plus many others. 

Just after the turn ofthe century, 
when Ogburn began his professional 
career, many if not most of the leaders 
of the social-science disciplines were so- 
cial reformers and philosophers. Against 
this background Ogburn brought a con- 
viction, which was almost an obsession, 
that the social sciences must become 
scientific; they must produce verifiable 
knowledge. As he saw it, the use of sta- 
tistical methods was one sure way of 
leading to scientific knowledge. In his 
Ph.D. dissertation he had already written, 
“Until it has been measured, knowledge 
of it must remain vague.” He was greatly 
influenced by the anthropologist Franz 
Boas, the economist Wesley C. Mitchell, 
and the sociologist Franklin H. Gid- 
dings. 

Ogburn carried this preoccupation 
with him during his entire life. In the 
textbook Sociology (written by him and 
M. F. Nimkoff) he emphasizes that a 
science is to be judged by three criteria 
—the reliability of its body of knowl- 
edge, its organization, and its method. 
Reliable knowledge in the social sciences 
can be obtained via statistical methods; 
statistics are the social scientsts’ equiva- 
lent of the biologists’ and physical sci- 
entists’ laboratories. This idea was passed 
on to, and firmly embedded in the minds 
and works of, a very large number of his 
students in the course of a half-century 
of teaching. In addition to his own stu- 
dents, Ogburn must have influenced un- 
told thousands of students who received 
their introduction to the subject of so- 
ciology through the text Sociology; for 
over a decade this was the most widely 
used introductory text. 

His emphasis on obtaining scientific— 
that is, verifiable—knowledge, led to the 
writing of an admirable paper [Social 
Forces 8, No. 3] in 1930, which is as fresh 
and illuminating today as it was a gen- 
eration ago. The first obstacle to the 
development of a scientific sociology, he 
argued, is intellectualism. “Scholarship 
. The sci- 
entific process of discovering new knowl- 
edge usually consists of two steps, getting 
an idea or hunch and proving it after 
having formulated it into an hypothesis. 
Intellectualism encourages greatly the 
first step in this process. . . . But it greatly 
hinders the second step in the process. 
And it must be. remembered that ideas 
are not knowledge, and they can be 


and science are different . . 
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proven to be knowledge or not only by 
laborious effort. Until that is done we do 
not have a science.” 

This emphasis, also, prevented him 
from ever attempting to set forth a cos- 
mic scheme that would explain all hu- 
man behavior, and he had little use for 
all the writers (including those of today ) 
who developed broad theories in the ab- 
sence of (or in disregard for) verifiable 
knowledge. Having some of these cosmic 
writers in mind, Ogburn (and Nimkoff) 
wrote: “Some of the organizations make 
very beautiful systems . . . These sys- 
tematizers think they are setting up 
guides which the younger scientists, those 
who follow them, will use. But often 
these systems are futile, as was the or- 
ganization of medicine around the theory 
of convulsive action advanced by Ben- 
jamin Rush, a century ago” [Sociology 
(Houghton Mifflin, Boston, 1950), p. 
18]. 

The maximum amount of theorizing 
that Ogburn permitted himself was the 
idea that culture is an_ interrelated 
matrix of events. Virtually every ele- 
ment affects every other element. The 
interrelationships are all highly complex, 
and the various elements are related to 
each other in different degrees. Thus, a 
large change in one element might lead 
through a highly complex matrix of in- 
terrelationships to only a small change 
in another element. For example, a very 
large change in the extent to which a 
population is urbanized may lead, even- 
tually, to only a small change in the pro- 
portion of the population which is mar- 
ried. Furthermore, these interrelation- 
ships do not all work as automatically 
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William Fielding Ogburn 


as the gears in a watch. Opposing inter- 
relationships come into play; for exam- 
ple, people driving motor vehicles are 
the cause of around 40,000 deaths a year 
in the United States, but when used as 
ambulances, motor vehicles also save 
lives. Since so many of these interrela- 
tionships are unknown, however, he be- 
lieved that the time was not yet ripe to 
try to weave them all together into an 
over-all theory of human behavior. 
The nearest he came to formulating 
such an over-all theory was in his vol- 
ume Social Change (1922). Here he at- 
tempted to weave together information 
from biology, anthropology, psychology, 
economics, and sociology. Full discus- 
sion of this book is beyond the scope of 
this article. It can only be said that he 


WE 


emphasized that changes in the social 
heritage of mankind are due to factors 
in human society rather than to any bio- 
logical changes in man himself. 

In trying to account for social change, 
Ogburn selected technology and inven- 
tion as a prime mover. He recognized 
that other factors, including ideas, could 
effect changes, but he chose to study in- 
ventions. As much as he would have 
liked to study everything, he realized 
that he could not do so, and hoped to 
obtain some scientific knowledge about 
social change by limiting his research to 
the factor of technology and inventions. 
He wrote: “Invention is a great dis- 
turber and it is fair to say that the great- 
est general cause of change in our mod- 
ern civilization is invention; although it 
is recognized that social forces in turn 
encourage or discourage inventions. Cer- 
tainly developments in technology cause 
a vast number of changes in a great 
variety of fields” [Technological Trends 
and National Policy (National Re- 
sources Committee, June 1937), p. viii]. 
Altogether he wrote several books and 
many journal articles on technology as a 
factor in social change. 

Professor Ogburn was always the gra- 
cious southern gentleman, courteous, 
even-tempered, and judicious. These 
personal qualities not only endeared 
him to all who knew him but led to his 
becoming the statesman of the social 
sciences—the scholar who could _ best 
present the case of the social scientist to 
the world of nonscientists. 

A. J. JAFFE 
Bureau of Applied Social Research, 
Columbia University, New York 
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News of Science 


Scientist Exchange Pact Signed 


by Nesmeyanovy and Bronk 


During this year and next the acade- 
mies of science of the United States and 
the Soviet Union will exchange research 
scientists for periods of up to 6 months 
under a new pact signed on 9 July by 
Detlev Bronk, president of the National 
Academy of Sciences, and Alexander 
Nesmeyanov, president of the Academy 
of Sciénces of the U.S.S.R. The agree- 
ment, which represents the first time 
that an exchange of scientists has been 
sponsored by the U.S. and Soviet na- 
tional academies, calls for lectures, re- 
search work, and observation of scien- 
tific studies by the scientists involved in 
the exchange, and for the organization 
of symposia on current scientific prob- 
lems by the two academies. Approxi- 
mately 90 researchers will take part in 
the 2-year program. The treaty provides 
for possible continuation of the program 
after the first 2 years. 

The diplomatic basis for the new pact 
was established in 1958 when the Lacy- 
Zaroubin agreement, calling for cul- 


tural, technical, and educational ex- 


Alexander Nesmeyanov, president of the 
Academy of Sciences of the U.S.S.R. 
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changes between the two countries, was 
signed. That agreement gave the acade- 
mies of science of the signatory countries 
responsibility for effecting certain of 
these exchanges. Other exchanges have 
been arranged by various governmental 
and nongovernmental groups; the U.S. 
tour of the Bolshoi Ballet, the cultural 
fairs in Moscow and New York, and ex- 
changes of agricultural experts are ex- 
amples. 

The agreement calls upon each acad- 
emy to name individuals to participate 
in exchange visits in the three following 
categories: (i) approximately 20 noted 
scientists from each country “to deliver 
lectures and conduct seminars on vari- 
ous problems of science and technology 
as well as for the purpose of studying 
research work in progress” during visits 
of up to 1 month; (ii) approximately 
18 scientists from each country to spend 
1 month in laboratories of the opposite 
country observing current research in 14 
designated scientific specialties; (iii) an 
additional six scientists from each coun- 
try to spend longer periods in special- 
ized fields of study or in the conduct of 
research in six designated scientific spe- 
cialties. 

The agreement stipulates that each 
side is to pay the salaries of its own sci- 
entists and their travel expenses between 
the two countries; the host country will 
be responsible for the cost of living 
quarters and medical aid, and for cer- 
tain local travel expenses. The U.S. 
Academy has been assured of sufficient 
funds from the National Science Foun- 
dation and other public and _ private 
sources to defray all expenses of the U.S. 
half of the program. 


Publications Exchange Planned 


In addition to exchange of personnel, 
the pact calls for an exchange of scien- 
tific publications between the academies. 
Another article of the treaty provides 
for the invitation on a reciprocal basis 
of scientists of one country to the im- 
portant congresses, conferences, and 
meetings of the other. Exchanges in these 
areas have occurred in the past, but, as 
a result of the treaty, they are now mat- 


ters of official policy of the two acade- 
mies. 

Prior to the signing of the agreement, 
both academies submitted lists of the 
type of research that would be of par- 
ticular interest to their visiting members. 
Among the projects in which the Soviet 
academy expressed interest were studies 
concerned with spectroscopic apparatus, 
automatic control and information the- 
ory, photosynthesis, radioastronomy, and 
the biochemistry of cancer. The Na- 
tional Academy of Sciences cited stud- 
ies in probability processes, cosmic rays, 
weather prediction, and the physiology 
and biology of the nervous system as 
matters of particular interest to its mem- 
bers. 

Although the Lacy-Zaroubin agree- 
ment allows for visits of up to 1 year, 
the longest period mentioned in a ten- 
tative list of projects released by the 
National Academy of Sciences is 6 
months. This period is given for ex- 
change visits in the third category— 
those which will allow 6 scientists from 
each country to work with foreign col- 
leagues in research on specific problems. 
Fields of study for these longer visits are, 
for Soviet researchers, radiospectroscopy, 
stereochemistry, high-molecular com- 
pounds, theory of metallurgical proc- 
esses, information theory, and biochem- 
istry. American researchers plan to work 
with Soviet colleagues in studies of solar 
physics, nonlinear mathematical systems 
and differential equations, conditioned 
reflexes, the physiology of stress, celestial 
mechanics, and the physical chemistry 
of high polymers. 





Detlev Bronk, president of the National 
Academy of Sciences of the United States. 
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Nuclear Ship “Savannah” 


Launched 


In ceremonies at Camden, N.J., the 
N.S. Savannah, the world’s first nuclear- 
powered passenger and cargo ship, was 
launched in the Delaware River. Mrs. 
Eisenhower christened the ship. Work 
on the vessel, which is about 70 percent 
complete, will continue; the concrete 
shielding has still to be poured and the 
nuclear propulsion system installed. 



















The building of the Savannah was 
undertaken, in line with administration 
and congressional policy, to develop the 
U.S. merchant marine and to demon- 
strate to the world the United States’ 
intention to employ the power of the 
atom for peaceful, productive purposes. 

The design and construction of the 
ship are the joint responsibility of the 


Maritime Administration of the U.S. 


Department of Commerce and of the 
U.S. Atomic Energy Commission. The 





HOLD 3 





HOLD 2 | HOLD! | 








(Top) Full-scale mock-up of the nuclear power plant of the N.S. Savannah and (bot- 


tom) position of the actual reactor in the completed ship. In the mock-up the contain- 
ment vessel of the reactor is outlined in skeletal form to permit a clear view of the in- 
terior. The reactor is approximately 70 feet long and 55 feet high. 
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combined effort is being made through 
a joint group known as the Nuclear 
Projects Office in the Maritime Ad- 
ministration, and as the Maritime Re- 
actors Branch in the Atomic Energy 
Commission. The vessel was designed 
by George G. Sharp, Inc. The Babcock 
and Wilcox Company was awarded the 
principal contract for developing and 
manufacturing the propulsion machinery. 

The building of a nuclear-powered 
merchant vessel was first proposed by 
President Eisenhower in a speech in 
New York on 25 April 1955. Construc- 
tion was authorized by Public Law 848, 
on 30 July 1956. States Marine Corpo- 
ration of Delaware will operate the ship 
as general agent for the Maritime Ad- 
ministration. 

The contract with the Babcock and 
Wilcox Company was signed 4 April 
1957; the contract for construction of 
the vessel was signed with the New 
York Shipbuilding Corporation, Cam- 
den, N.J., on 15 November 1957; the 
keel was laid on National 
Day, 22 May 1958. 

Construction of the vessel will be com- 
pleted by early 1960. It is expected that 
the Savannah will undergo extensive 
testing next spring and that she will be 
ready for unrestricted operation by next 
summer. 

From the first it has been acknowl- 
edged that the Savannah will not be 
able to compete economically with pas- 
senger and cargo ships powered by tra- 
ditional means, and she is not intended 
to be a prototype. Rather, the objec- 
tive in building this “first generation” 
nuclear-powered merchant vessel was to 
develop practical construction and oper- 
ating techniques which could be evalu- 
ated and used in designing “‘second and 
third generation” nuclear-powered ships 
which would provide real economic 
competition. 

The Savannah will be a test ship. 
Many special features, such as extensive 
means of controlling operational com- 
ponents from a distance and means of 
achieving greater maneuverability than 
is essential to a merchant vessel, have 
been incorporated for evaluation. It is 
expected that, during operation of the 
Savannah, changes will be made in 
components, and even in entire plant 
systems, when it seems probable that sig- 
nificant improvements can be made. 

The Savannah, according to its de- 
signers, has five important missions: (i) 
to demonstrate to the world the employ- 
ment of nuclear power in an instrument 
of peace; (ii) to utilize the power of the 


Maritime 
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atom for trade and commerce; (iii) to 
demonstrate that nuclear-powered ships 
are dependable and safe; (iv) to stimu- 
late study of such problems as interna- 
tional liability and legal security against 
accidents and to win acceptance of nu- 
clear ships in the world’s ports; and (v) 
to give the Maritime Administration 
and the Atomic Energy Commission op- 
portunity to assess the potential contri- 
butions of atomic power to American 
commerce. 


Seven NATO Allies To Get 
Atomic Data from U.S. 


On 11 August the last of seven atomic 
cooperation pacts between the United 
States and certain of her NATO allies 
will go into effect. The agreement, 
through which Greece will receive from 
the United States training, equipment, 
and information which will enable her 
to use and to defend herself against nu- 
clear weapons, is similar to other pacts 
the U.S. signed last May with Canada, 
Turkey, West Germany, and the Nether- 
lands. Related agreements with a some- 
what different purpose were made at the 
same time with Britain and France. 
These atomic cooperation agreements, 
which were among the last official ac- 
tions of the late John Foster Dulles, auto- 
matically became effective during the 
last half of July. They had been signed 
60 days earlier in Bonn, Ankara, and 
The Hague and in the capitals of other 
NATO countries, but the U.S. Congress, 
before approving them, made provision 
for a 2-month interim period to permit 
further deliberation on the part of its 
members. During the 60-day period the 
pacts could have been repudiated by the 
passage of a concurrent, or combined, 
House and Senate resolution. No such 
action was taken, and there was almost 
no debate on the pacts. Senator Hubert 
Humphrey (D-Minn.) raised questions 
about the agreements on the Senate 
floor, and five Representatives spoke 
against them in the House. There was, 
however, no organized opposition, and 
on the effective dates six of the pacts 
become operative. Four days from now 
the last one—the Greek-U.S. agreement, 
will be established. 

Under the pacts, the U.S. will provide 
the signatory countries, other than Bri- 
tain and France, with the means to 
train personnel in‘ the use of atomic 
weapons and in defense measures; with 
information which will enable these 
countries to develop defense plans and 
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systems for delivering atomic weapons; 
and with nonnuclear components of 
atomic weapons systems, the “gear” that 
is used to attach a nuclear warhead to 
a missile or a plane. Under the agree- 
ment the U.S. will not furnish informa- 
tion on the design of the weapons them- 
selves, or on the electronic devices that 
are incorporated in them. 

The agreement with Britain differs 
significantly. In accepting the pact pro- 
posals Congress specified that informa- 
tion on design be given only to nations 
which had made “substantial progress” 
toward the manufacture of atomic weap- 
ons. Britain alone qualifies under this 
stipulation, and she will receive infor- 
mation on design, materials, and other 
matters relevant to bomb construction. 
France will receive information on con- 
structing power plants for atomic sub- 
marines together with about half a ton 
of enriched uranium to fuel the proto- 
type of such a plant. 


Spurred by Sputniks 
The NATO pacts which have just be- 


come effective had their origin in the 
conferences that followed the launching 
of the first Soviet satellite, on 4 October 
1957. At those conferences it was de- 
cided that “‘an enlarged Atlantic effort 
in scientific research and development” 
was necessary to meet the challenge of 
the sputniks. At a later meeting of the 
North Atlantic Council, in December 
1957, it was further decided that atomic 
weapons should be stockpiled in certain 
NATO countries and that systems for 
delivering them should be developed in 
those countries. 

At the time this decision was made, 
the laws of this country, specifically the 
Atomic Energy Act of 1954, prevented 
the United States from cooperating to 
the extent the NATO leaders felt 
necessary. This law was amended, and, 
with the fulfillment of the pact with 
Greece, the sharing of American atomic 
defense information with NATO allies 
has now become a reality. 





Williams Named for AEC Post 


John Harry Williams, a physicist at 
the University of Minnesota, has been 
named by President Eisenhower to suc- 
ceed Willard F. Libby as a member of 
the Atomic Energy Commission. Wil- 
liams, who has been director of the com- 
mission’s programs of basic research, will 
be the scientist on the five-man commis- 
sion. It has become customary in the 


last 12 years to have at least one scien- 
tist among the five commissioners. The 
nomination, which was announced 16 
July, must be confirmed by the Senate. 
Quick, favorable action is expected be- 
cause the nomination was informally ap- 
proved by the members of the Joint 
Atomic Energy Committee of the Con- 
gress before the announcement was 
made. 

Most of William’s teaching and re- 
search career has been at the University 
of Minnesota, where he has been a pro- 
fessor of physics since 1946. During 
World War II he participated in the 
development of the atomic bomb at the 
Los Alamos Laboratory in New Mexico. 

Williams was born in Asbestos Mines, 
Quebec, Canada, on 7 July 1908. He 
was graduated from high school in 
Kelowna, British Columbia, and _re- 
ceived his B.A. degree from the Univer- 
sity of British Columbia in 1928. As a 
teaching fellow at the University of 
California he received his master’s de- 
gree in 1930, and as a Whiting fellow, 
received his Ph.D. in physics in 1931. 
From 1931 to 1933 he was a National 
Research fellow in physics at the Uni- 
versity of Chicago. He joined the Uni- 
versity of Minnesota as a physics instruc- 
tor in 1933, became assistant professor 
in 1934, associate professor in 1937, and 
professor on his return from Los Alamos. 
In 1942 he became a naturalized citizen 
of the United States. 


Radioisotope Training Program 


The Atomic Energy Commission has 
announced a new program which will 
give students of small undergraduate 
colleges opportunity for specialized 
training in the techniques of using ra- 
dioisotopes. The program will utilize a 
35-foot, bus-type mobile training labo- 
ratory, which can be moved to the col- 
lege campus for presentation of a two- 
week, concentrated course on the basic 
techniques of handling radioisotopes. 
The mobile laboratory will be similar to 
one presented last year to the Interna- 
tional Atomic Energy Agency by the 
United States. 

The program is expected to begin in 
the fall of 1959, and initially the course 
will be available to colleges in the South 
and Southeast. The project is designed 
to serve in particular the smaller colleges 
whose nuclear facilities are limited. 

Scientists and technicians from the 
Oak Ridge Institute of Nuclear Studies, 
which will administer the program for 
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the commission, will accompany the 
mobile radioisotope laboratory to the 
colleges to lecture and direct experimen- 
tation. The course will be a condensed 
version of a basic course which has been 
conducted at Oak Ridge by the institute 
since 1948, to train several thousand re- 
search workers from the United States 
and from many countries abroad. 


Loyalty Oath Provision of 


Education Act to Remain 


The Senate, on 23 July, voted 49 to 
42 to recommit to one of its committtees 
a bill that would have amended the loy- 
alty oath provision of the National De- 
fense Education Act of 1958. The action 
effectively precludes any further action 
this session on the controversial oath and 
disclaimer clauses and any attempts to 
eliminate or modify them. 

Passed last year, the National Defense 
Education Act requires that a student 
seeking an educational loan from the 
government must take the oath of alle- 
giance and submit an affidavit, disclaim- 
ing membership in, or support of, any 
organization advocating illegal overthrow 
of the government. Objection to these 
provisions, which many feel imply that 
students are “particularly suspect,” has 
been voiced by numerous academic 
groups. During debate on the issue, 
Senator John Kennedy (D-Mass.) ar- 
gued for the repeal of both provisions. 
This proposal and others modifying the 
controversial provisions were defeated 
in the voting. 


Survey of Soviet Science Literature 


A detailed survey of the present effort 
to supply United States scientists with 
Russian scientific literature was released 
19 July by the National Science Foun- 
dation; it lists 76 Soviet journals now 
available in English. The survey reports 
on the sources of Soviet scientific litera- 
ture, the availability of such literature 
in the United States, and the current 
translation programs of professional and 
academic groups and government agen- 
cies. Current methods of providing com- 
prehensive covering of untranslated Rus- 
sian material are also analyzed. Revised 
and expanded from an earlier edition, 
the survey, Providing U.S. Scientists 
with Soviet Scientific Information, was 
prepared by the foundation’s Office of 
Science Information ‘Service. 

According to the survey, 2026 scien- 
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tific journals and serials are being pub- 
lished in the U.S.S.R. Since 1956, Soviet 
scientific publications have become in- 
creasingly available in the United States. 
They are listed in the Monthly Index of 
Russian Accessions, published by the 
Library of Congress and available from 
the Superintendent of Documents of the 
Government Printing Office. Many, al- 
though not all, publications of individ- 
ual institutions in the Soviet Union are 
available on an exchange basis, the sur- 
vey states. The processing department of 
the Library of Congress maintains a list 
of Soviet institutions with which the 
library exchanges publications on an ex- 
change basis. 

Translations of Soviet scientific jour- 
nals are made available by three meth- 
ods. (i) A large number of translations 
are made under grants by federal agen- 
cies to nonprofit scientific societies or 
research institutions. Most National Sci- 
ence Foundation grants are of this type. 
(ii) Other translations are produced 
under government contract with trans- 
lating agencies. (iii) A number of pub- 
lications are translated by individuals or 
private organizations, without govern- 
mental subsidy. 

The two main translation depositories 
in the United States are listed as the 
Special Libraries Association Transla- 
tion Center, located at the John Crerar 
Library in Chicago, which collects trans- 
lations from nongovernment sources, and 
the Office of Technical Services, Tech- 
nical Information Division, Department 
of Commerce, which ‘collects from fed- 
eral agencies and foreign sources. 

All translations are listed, with ab- 
stracts, in Technical Translations, pub- 
lished bimonthly since January 1959 by 
the Department of Commerce. Transla- 
tions of Russian scientific books are 
made by commercial publishers, by gov- 
ernment agencies through contract or 
grants, or directly by the agencies them- 
selves. 

According to the survey, translation 
programs in the United States have 
tended to provide cover-to-cover trans- 
lation of selected journals and abstracts 
rather than to select individual papers 
for translation. To provide full transla- 
tions in broad subject fields has been 
found preferable, to guard against in- 
advertent omissions and to facilitate 
bibliographic handling. An economic 
study of this approach has been made, 
and the results show that even if only 
one paper in 40 is of general interest, it 
is cheaper to translate all 40 than to de- 
termine which one to translate. 





News Briefs 


The extension of U.S. “ocean” ports 
as far inland as Duluth, Minn., by the 
opening of the St. Lawrence Seaway has 
presented new problems for plant, live- 
stock, and meat regulatory workers of 
the U.S. Department of Agriculture. 
Discovery by plant quarantine inspectors 
of khapra beetles, pests that destroy 
stored grains, aboard a freighter putting 
in at Cleveland, Ohio, is an example of 
this new problem in combating foreign 
plant and animal pests. The tiny khapra 
beetle, a native of the Far East, has in- 
vaded the U.S. only in the Southwest. 
An intensive federal-state fumigation 
effort is in progress to eradicate it there. 
The Cleveland finding placed the pest 
unpleasantly close to the grain belt of 
the Midwest. 

* *@ 

An open-pool reactor, the first to be 
built in the Philippines, is under con- 
struction at the University of the Philip- 
pines at Diliman, Quezon City, 8 miles 
northeast of Manila. The reactor will 
produce 1000 thermal kilowatts initially, 
and its design will allow for expansion 
and production later of 3000 thermal 
kilowatts. It is scheduled to be placed in 
operation by the fall of 1960. Purchase 
of the reactor was made possible by a 
$500,000 economic grant from the U.S. 
Atomic Energy Commission, made avail- 
able under President Eisenhower's 
“Atoms for Peace” program. 

2 /} -—| 


A report on the watershed problems 
of New England’s forested areas has re- 
cently been published by the Northeast- 
ern Forest Experiment Station. The re- 
port, “A Problem Analysis and Program 
for Watershed-Management Research in 
the White Mountains of New Hamp- 
shire,” describes the problems faced, the 
research needed, and the priorities for 
various study projects. Copies of the re- 
port are available from the Northeastern 
Forest Experiment Station, 102 Motors 
Avenue, Upper Darby, Pennsylvania. 

et ot i 8 

The John A. Hartford Foundation re- 
ports that during 1958 it appropriated 
$5,585,066 for 66 new or continuing 
grants to medical institutions. The first 
formal report in the organization’s 30- 
year history. shows that in the 7 years 
following the founder’s death in 1951, 
the foundation made grants and gifts 
totaling more than $18 million. The re- 
port listed the foundation’s assets at 
more than $166 million at the start of 
this year. 
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Scientists in the News 


H. TRENDLEY DEAN has retired 
as secretary of the council on dental re- 
search of the American Dental Associa- 
tion. His pioneer research on the effects 
of adding fluoride to city water supplies 
made him internationally known as a 
specialist on fluoridation. Before joining 
the association in 1953 he was associated 
for more than 30 years with the U.S. 
Public Health Service, serving for a 
time as director of the National Insti- 
tute of Dental Research. He is suc- 
ceeded by SHOLOM PEARLMAN, 
who has been assistant secretary of the 
association’s council on dental therapeu- 
tics since 1951. 


LEMUEL R. CLEVELAND, profes- 
sor of biology and an outstanding para- 
sitologist, known for his studies of proto- 
zoa, is retiring from Harvard University. 
He received his B.S. degree from the 
University of Mississippi in 1917 and 
his Sc.D. degree from Johns Hopkins 
University. He joined the staff of the 
Harvard Medical School in 1925 as as- 
sistant professor of protozoology. Dr. 
Cleveland has been professor of biology 
since 1946. 


KARL F. HEUMANN, former re- 
search director for Chemical Abstracts, 
has accepted appointment as director of 
the newly established Office of Docu- 
mentation at the National Academy of 
Sciences—National Research Council. 
Among his duties will be that of advis- 
ing NAS-NRC groups and some federal 
agencies on documentation matters. 


DAVID A. YOUNG, formerly assist- 
ant chief engineer of the liquid engine 
division of Aerojet-General Corpora- 
tion, Azusa, Calif., has been appointed 
director of the corporate long-range 
planning division. 


FRANCIS A. GUNTHER, insect 
toxicologist at the University of Califor- 
nia, Riverside, has received the 1959 
Harvey W. Wiley Award of the Asso- 
ciation of Official Agricultural Chemists. 
The award of $500 was established in 
1956 to honor Wiley, father of the origi- 
nal pure food and- drug law-and a 
founder of the association. 


GEORGE W. MOREY, physical 
chemist with the U.S. Geological Sur- 
vey, will be awarded the Howard N. 
Potts Medal by the Franklin Institute, 
Philadelphia, Pa., on 21 October. 
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JOHN C. MARR, former director of 
the La Jolla (Calif.) Biological Labora- 
tory, U.S. Fish and Wildlife Service, has 
been appointed director of the Honolulu 
(Hawaii) Biological Laboratory. 


S. P. YANG, assistant professor of 
foods and nutrition at Purdue Univer- 
sity’s School of Economics, will lecture 
at the National Taiwan University, Tai- 
pei, from September 1959 to January 
1960. 


RICHARD P. FEYNMAN has been 
named Richard Chace Tolman profes- 
sor of theoretical physics at California 
Institute of Technology. The newly cre- 
ated chair honors the late Richard Tol- 
man, an internationally known theoreti- 
cal physicist and chemist who was dean 
of graduate studies at the institute. 


GEORGE W. ALBEE, chairman of 
the psychology department and associ- 
ate professor of psychology at Western 
Reserve University School of Medicine, 
has been appointed George Trumbull 
Ladd professor of psychology. WALTER 
LEIGHTON, professor of mathematics 
in the College of Engineering and Sci- 
ence at Carnegie Institute of Technol- 
ogy, has been appointed Elias Loomis 
professor of mathematics and chairman 
of the department at Western Reserve 
University. 


LINWOOD H. WARWICK, geologi- 
cal survey assistant with the Division of 
Mineral Resources, Department of Con- 
servation and Economic Development of 
the state of Virginia, retired on 30 June 
after having been affiliated with the Di- 
vision for more than 51 years. 


WILLIAM W. GREULICH, profes- 
sor and head of the department of anat- 
omy, Stanford University School of 
Medicine, has been appointed president 
of the American Association of Physical 
Anthropologists. 


ROBERT A. TERRY, geologist, has 
been awarded the Republic of Panama’s 
highest award, the Order of Vasco 
Nunez de Balboa, for outstanding geo- 
logic work in Panama. 


F. W. G. WHITE, deputy chairman 
of the Commonwealth Scientific and 
Industrial Research Organization, Mel- 
bourne, Australia, has been appointed 


chairman of that organization. He suc-: 


ceeds Sir IAN C. ROSS, who died on 
20 June. 


THEODORE E. STERNE, former 
associate director of the Astrophysical 
Observatory of the Smithsonian Insti- 
tution and Simon Newcomb professor of 
astrophysics at Harvard University, has 
joined the staff of the Johns Hopkins 
University Operations Research Office, 
Bethesda, Md. 


ROBERT C. TRUAX, captain, U.S. 
Navy (ret.), and former national presi- 
dent of the American Rocket Society, 
has been appointed director of advanced 
development at the Aerojet-General 
Corporation’s Liquid Rocket Plant, Sac- 
ramento, Calif. 


ROBERT H. HAMLIN, assistant to 
the secretary of the U.S. Department of 
Health, Education, and Welfare, has re- 
signed to become associate professor of 
public health administration in the de- 
partment of public health practice, Har- 
vard University. 


ROY C. SWAN, associate professor 
of physiology at Cornell University 
Medical College, has been appointed 
chairman of the department of anatomy. 


Recent Deaths 


CLEMENT S. BRAININ, Glen 
Ridge, N.J.; 72; founder of the C. S. 
Brainin Co., Mount Vernon, N.Y.; for- 
merly taught astronomy at Columbia 
University; 20 July. 

BRONSON CROTHERS, Cam- 
bridge, Mass.; 75; clinical professor of 
pediatrics at the Harvard Medical 
School; 17 July. 

E. NEWTON HARVEY, Princeton, 
N.J.; 71; Henry Fairfield Osborn pro- 
fessor emeritus of biology of Princeton 
University; former vice president of the 
Marine Biological Laboratory, Woods 
Hole, Mass.; noted for his research on 
bioluminescence; 21 July. 

HAROLD V. O’CONNELL, New 
York; 53; dentist and inventor of two 
devices for dental anesthesia; 17 July. 

ALEXANDER V. TOLSTOOUHOV, 
New York; 70; chemist and toxicologist; 
former senior investigator of Warner- 
Latbert Research Institute, Morris 
Plains, N.J.; before coming to this coun- 
try from the U.S.S.R. in 1923: was a 
faculty member at universities in Poland 
and Russia; 9 July. 

EMMA L. WARDELL, Baltimore, 
Md.; 72; retired .toxicologist of the 
Chemical Warfare Laboratories, Army 
Chemical Center, Md.; 8 July. 


325 








Book Reviews 


The Sleepwalkers. A history of man’s 
changing vision of the universe. Ar- 
thur Koestler. Macmillan, New York, 
1959. 624 pp. Illus. $6.50. 


In the preface to this book, Koestler 
notes with some justifiable astonishment 
that there is no modern history of cos- 
mology, “no comprehensive survey of 
man’s changing vision of the universe 
which encloses him.” His own book, to 
judge from its subtitle, while intended 
to fill this gap, is nevertheless, as it turns 
out, no such complete history. For while 
it opens with the Babylonians and ends 
with Newton, the bulk of it is actually 
devoted to an account of the three titans 
of modern planetary astronomy—Coper- 
nicus, Kepler, and Galileo. In recount- 
ing the story of their lives, the pattern 
of their discoveries, and their impact 
upon the course of modern intellectual 
development, Koestler would serve a 
double purpose. He would not only re- 
trace the history of one of the most fas- 
cinating and momentous periods in sci- 
ence; he would also draw the moral that 
is to be found in reflecting upon that 
history. For him that moral is that the 
allegedly common notion of the history 
of science as a steady, cumulative affair 
must be reassessed and discarded, and 
that emphasis must be placed on the 
mutually supplementary roles of science 
and mystical religion in any complete 
intellectual approach to the universe. 
What emerges is a lively, provocative, 
yet markedly uneven book. One suspects 
that the book began as a biography of 
Kepler, of whom no satisfactory account 
had yet been given in English, and was 
gradually built up to include an account 
of pre-Keplerian cosmological specula- 
tions and of Kepler’s immediate prede- 
cessors and Indeed, 


since the presentation of the cosmology 


contemporaries. 


of the ancient and medieval world is 
quite inadequate, and the treatment 
given Copernicus and Galileo shows 
much hostility and bias, the book would 
have had a greater evenness and ‘unity if 
it had remained precisely such a study 
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of Kepler. For it is in studying Kepler, 
his hero, that Koestler finds occasion for 
close study of the theme that interests 
him most. Kepler is an outstanding ex- 
ample of the type of individual (of which 
Pythagoras was the prototype) in whom 
are inextricably combined the mystic 
and the savant. Moreover, in his major 
works Kepler has left us a carefully 
documented account of the processes of 
his own creative thinking, with all its at- 
tendant blundering, dogged persistence, 
and heartbreak. In the life of this one 
man, Koestler finds summed up the 
whole history of cosmic theories, for that 
history “may without exaggeration be 
called a history of collective obsessions 
and controlled schizophrenias; and the 
manner in which some of the most im- 
portant individual discoveries were ar- 
rived at reminds one more of a sleep- 
walker’s performance than an electronic 
brain’s,” 

That the subject matter of cosmology 
should engage the attention of Arthur 
Koestler might, at first glance, occasion 
some surprise. One tends to think of 
him as the author of novels with politi- 
cal themes—in particular, of Darkness 
at Noon. Yet, when we remember his 
other books, such as Insight and Out- 
look and The Yogi and the Commissar, 
we realize that the interest there shown 
in the various levels of psychological 
awareness and in the reconciliation of 
empirical and mystical attitudes is what 
here, in The Sleepwalkers, continues to 
manifest itself, though in a fresh con- 
text. 

The cosmology that dominated men’s 
minds throughout the ancient and medi- 
eval world was rooted in a number of 
dogmas whose unshakable hold over 
men’s minds proved the most serious ob- 
stacle to any fruitful advance in physics 
and astronomy. Chief among these was 
the belief (inherited from Aristotle) in 
two sets of physical principles, one for 
terrestrial phenomena, the other for 
celestial. A second was the belief in the 
uniquely centered and privileged posi- 
tion of the earth in a spatially finite. 





spherical universe—the dogma of geo- 
centrism. A third was the demand that 
all explanations in geometric terms of 
the motions of the heavenly bodies be 
construed in terms of circular motions. 
This bit of apriorism, established by the 
Pythagoreans and confirmed by Plato, 
was to saddle mathematical astronomy 
from the days of Eudoxus to those of 
Copernicus. What we call the scientific 
revolution, on its cosmological side 
largely initiated by Copernicus and 
brought to a relatively final synthesis by 
Newton, consisted in a gradual loosening 
and abandoning of each of these dogmas 
and their replacement by views that had 
greater empirical justification and theo- 
retical usefulness. 

Copernicus, to whom Koestler refers 
as “‘the timid Canon,” was, in his own 
person and mentality, far from being 
a scientific revolutionary. The author of 
The Book of the Revolutions of the 
Heavenly Spheres, according to Koest- 
ler “was denied the essential qualities 
of the prophet; awareness of a mission, 
originality of vision, the courage of con- 
viction.” The long delay in publication 
of The Book of Revolutions was caused 
not by fear of condemnation by ecclesi- 
astical authorities but by fear of ridi- 
cule. Copernicus was indeed a conser- 
vative in the major lines of his thinking. 
Of the principal doctrines defining or- 
thodox cosmology summarized above, 
Copernicus left untouched the adherence 
to Aristotelian physics and the method 
of circular description for celestial mo- 
tions. At a time when men like Roger 
Bacon, Nicholas of Cusa, William of 
Occam, and Jean Buridan had already 
seriously weakened the hegemony of the 
older physics, Copernicus cleaved to the 
older scheme. In his continuance of the 
use of epicycles and deferents, the 
mainstay of Ptolemaic astronomy, 
Copernicus in no way departed from 
the ancient tradition. As a matter of 
fact, as Koestler points out, the oft- 
repeated claim that Copernicus reduced 
the number of epicycles required in 
planetary astronomy of the Ptolemaic 
type is actually false. Although Coper- 
nicus had claimed in the Commen- 
tariolus that “thirty-four circles suffice 
to explain the entire structure of the 
universe and the entire ballet of the 
planets,” this was but an optimistic pre- 
liminary announcement that was not 
matched by the actual performance set 
forth in the Revolutions. The Ptolemaic 
scheme, as brought up to date by Peuer- 
bach in the 15th century, required but 
40 circles, yet Copernicus in his own sys- 
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tem requires 48; thus, far from reducing 
the number of circles, he actually in- 
creased them. Where then was the great 
significance of his work? It was, of 
course, in the shift he accomplished for 
astronomy and cosmology from a geo- 
centric to a heliocentric orientation. He 
demolished that pillar of the older cos- 
mology by offering a tremendously sim- 
plified explanation of the retrograde 
motions of the planets. “So long as the 
earth was the hub of the universe, this 
phenomenon could be ‘saved’ by adding 
more epicycles to the clockwork, but 
there was no natural reason why the 
planets should behave as they did. But 
if the hub was near the sun, and the 
earth turned round it together with the 
other planets, it was obvious that each 
time the earth ‘overtakes’ one of the 
outer planets (which circle at a slower 
rate) that planet will appear to recede 
for a while; and each time the earth 
itself is overtaken by the faster moving 
inner planets, an apparent reversal of 
direction will again result.” It was this 
idea that provided the impetus for the 
new way of thinking that flowered into 
the Copernican revolution and that 
brought with it the eventual shattering 
of the older cosmology. 

It was Kepler’s role in this revolution 
that engages the full and admiring at- 
tention of Koestler as he relates the in- 
cidents and guiding motifs of the life of 
that tortured genius. The section of 
Koestler’s book dealing with Kepler is 
the richest and most rewarding part. 
Koestler’s pen traces in fascinating de- 
tail, with the aid of Kepler’s painstak- 
ing autobiographical remarks about his 
work and personal affairs, the pattern of 
a fiercely dedicated life. “Johannes Kep- 
ler, Keppler, Kheppler, or Keplerus was 
conceived on 16 May, A.D. 1571, at 4.37 
a.m. and was born on 27 December at 
2.30 p.m., after a pregnancy lasting 
224 days, 9 hours and 53 minutes. The 
five different ways of spelling his name 
are all his own, and so are the figures 
relating to conception, pregnancy and 
birth, recorded in a horoscope which he 
cast for himself. The contrast between 
his carelessness about his name and his 
extreme precision about dates reflects, 
from the very outset, a mind to whom all 
ultimate reality, the essence of religion, 
of truth and beauty, was contained in 
the language of numbers.” At the age of 
24 Kepler received an overpowering in- 
spiration that was to dominate and guide 
him in all his work for the rest of his 
life. Kepler carefully recorded the date 
of this inspiration—9 July, 1595, while 


7 AUGUST 1959 


he was drawing a figure on the black- 
board for his class. It was then that the 
idea struck him—which he regarded as 
the key to the secret of creation—that 
the universe (or, more precisely, the 
distances between the six planets known 
in his day) was built around the five 
perfect or Platonic solids. The idea was, 
of course, a completely false one. Yet, 
as the main inspiration for his first book, 
the Mysterium Cosmographicum, pub- 
lished when he was 25, it was neverthe- 
less, like so many other erroneous 
thoughts, the breeding place of many 
fruitful ones. As Koestler remarks, “it 
led eventually to Kepler’s laws, the 
demolition of the antique universe on 
wheels, and the birth of modern cos- 
mology.” 

Underlying this inspiration and the 
prolonged search for the exact mathe- 
matical patterns that bind together the 
planetary world—patterns that Kepler, 
as a true empirical scientist, insisted 
must square with the observational ma- 
terials at hand—was a basically religious 
outlook. He believed that the sun is at 
the center of the world because it is the 
symbol of God the Father, the source of 
light and heat and of all moving energy. 
The sphere of the fixed stars he took to 
be the symbol of the Son, while the in- 
visible forces which, emanating from the 
Father, act throughout interstellar space 
represent the Holy Ghost. And binding 
all these together is the unifying scheme 
of Geometry, which God used in creation 
and which the mind of man can hope 
to discover. The prolonged search for 
the laws of planetary astronomy that 
marked Kepler’s life as a scientific quest 
is of the greatest value for the student 
of scientific methodology. To the prob- 
ing eye of the psychologically oriented 
biographer, the growth of the man is of 
equally great fascination. Koestler sug- 
gests that “the sufferings of a mange- 
eaten, chaotic childhood had left a 
sober thirst for universal law and _ har- 
mony; memories of a brutal father may 
have influenced his vision of an abstract 
God, without human features, bound by 
mathematical rules which admitted of 
no arbitrary acts.” 

Koestler’s estimate of Galileo, the 
third of the great figures treated in this 
book, is in sharp contrast to his estimate 
of Kepler. He finds the personality of 
Galileo unattractive. He would counter- 
act the wide acceptance of Galileo’s im- 
portance in the history of astronomy, 
while giving him full credit as the foun- 
der of modern dynamics. The trial of 
Galileo, according to Koestler, should 


not be taken as an example of the in- 
evitable conflict in the philosophies of 
blind faith and enlightened reason, of 
Church and science. Rather, it was “a 
clash of individual temperaments aggra- 
vated by unlucky coincidences.” 

The historical portion of the book is 
brought to a close with a brief chapter 
on the Newtonian synthesis. Koestler 
feels it quite appropriate to end his sur- 
vey at this point. Dismissing all the 
most recent and highly significant re- 
searches of modern physics and cosmol- 
ogy as still largely too controversial, he 
would have us believe that “the blue- 
print of the universe remains essentially 
the one Newton drew for us, in spite of 
all disturbing rumours about the curva- 
ture of space, the relativity of time, and 
the runaway nebulae.” The judgment 
just quoted is so contrary to the most 
obvious truth and, in its own way, so 
perverse, that it almost seems as if 
Koestler uses it as a rationalization for 
choosing the stopping place he did 
choose for his own historical review. 

Koestler’s dim view of the intellectual 
worth of contemporay science is based 
on its allegedly paradoxical character 
and unintelligibility. The fundamental 
reason for his disparagement is that, in 
his opinion, modern science has become 
isolated from the inspiration which a 
religious outlook on the world has to 
offer, and did offer earlier thinkers. It 
has become a mere technical and ab- 
stract manipulation of symbols. Such 
symbols are solely useful as devices for 
“saving the phenomena” but are useless 
for giving us insight into the real struc- 
ture of the universe. The divorcement 
of science from a faith in the rationality 
of the universe, in its underlying pur- 
posiveness and orderliness, has resulted 
in a form of scientific hubris which may 
prove to be man’s undoing. The spirit- 
ual ebb tide of the modern age coexists 
with a unique increase in physical power 
and therefore poses the greatest dangers, 
from the potential misuse of that power. 
Unfortunately, Koestler’s indictment of 
modern science lacks convincingness, 
since what he offers as a corrective is 
itself so mistily and narrowly conceived 
as to be philosophically of little value. 
That the religious dimension of experi- 
ence or the mystic’s perspective on the 
world are in themselves important to 
any fully developed mentality need not 
be challenged. What needs to be chal- 
lenged is Koestler’s belief that only with 
some faith in the purposive orderliness 
of the world can science achieve the 
drive to sustain its inquiries. Religion or 


327 








mysticism need not be so conceived that 
some ontological teleology is essential 
to their viewpoints. It is sufficient if a 
deeply cultivated sense of the mystery of 
existence provides a corrective to any 
dogma of the total intelligibility of the 
universe, an intelligibility to be finally 
revealed by science or any other means. 
Mitton K. Munirz 
Department of Philosophy, 
New York University 


Federal Budget and Fiscal Policy, 1789- 
1958. Lewis H. Kimmel. Brookings 
Institution, Washington, D.C., 1959. 
x + 387 pp. $5. 


This highly readable volume has a 
somewhat misleading title. Kimmel has 
not written a comprehensive history of 
federal budgeting and fiscal policy but 
has concentrated on the evolution of at- 
titudes toward the balanced budget and 
public debt. The volume starts with 
Washington and Hamilton and ends 
with Eisenhower and Anderson. Eco- 
nomic events, the viewpoints of govern- 
ment officials, and the contemporary 
prescriptions and theories of economists 
are interrelated in each phase of fiscal 
history. The author has a light touch 
throughout and does not attempt a tech- 
nical treatment. The book is apparently 
addressed to the general reader and to 
the practitioner. Although there is ref- 
erence to such matters of fiscal econom- 
ics as the balanced budget multiplier, 
the author does not attempt to break 
new theoretical ground. 

The great change that has occurred 
in this 170-year period lies in the role 
and responsibility of the national gov- 
ernment for the aggregate level of in- 
come and employment. This change has 
necessitated an abandonment of rigid 
notions of budget-balancing and at least 
some diminution in fears about the hor- 
rors of the national debt. Kimmel’s his- 
tory of the emergence of what is com- 
monly called “a positive fiscal policy” or 
“fiscal policy for growth and stability” 
points out that attitudes toward bal- 
anced budgets and the national debt had 
become stereotyped by the end of the 
1920’s. Adherence to fiscal orthodoxy 
was a traditional article of faith, and the 
march of events had not forced a re- 
thinking of the issues. The attack on the 
conservative creed first came in the writ- 
ings of economists, in the immediate 
pre-Keynesian period, from 1930 to 
1936. The transformation in popular 
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attitudes toward the national debt and 
deficits did not emerge until World War 
II, when it became completely evident 
that very large deficits and a rapid rise 
in the national debt were accompanied, 
not by bankruptcy and ruin, but by un- 
precedented increases in national output 
and an unprecedented rise in levels of 
material well-being. 

Kimmel finds that, in the postwar 
period, the obsessive belief in the effi- 
cacy of a balanced budget has all but 
vanished, and that there are no im- 
portant differences between the major 
political parties on this point. The phi-+ 
losophy of the Employment Act pre- 
vails, and budget policy will be adapted 
to the requirements of economic stabili- 
zation. 

It is not possible to dissent from this 
conclusion. Certainly there is a_pre- 
dominant view that, in the event of a 
serious recession, federal taxes will be 
reduced and expenditures will be in- 
creased, let the deficits fall where they 
may. But there remains a curious lag 
in thinking in some quarters. Kimmel 
quotes a 1957 statement by Senator 
Goldwater, which appeared in the Con- 
gressional Record: ‘“‘Where is the finely 
drawn line between freedom and slavery 
when, under the present deficit, every 
baby born in this country has a $1,675 
first mortgage tag hanging around its 
neck?” Perhaps it is the senator who 
should read this book. 

JESSE BuRKHEAD 
Department of Economics, 
Syracuse University 


Index Kewensis Plantarum Phanero- 
gamarum. Supplement 12. George 
Taylor, Ed. Oxford University Press, 
New York, 1959. 162 pp. $12. 


The appearance of a new supplement 
to the Kew Index has been eagerly an- 
ticipated by taxonomists who work with 
the flowering plants, for this continuing 
publication, perhaps more than any 
other single work, makes possible the 
orderly progress of plant taxonomy. The 
12th supplement of the work (first pub- 
lished in 1895) covers the years 1951 
to 1955 inclusive. An estimate indicates 
that between 17,000 and 18,000 bino- 
mials are included in this supplement; 
most of these are names of new species 
or new combinations published during 
the 5-year period, but some are names 
published earlier and overlooked in 
prior supplements. Like the other re- 


cent supplements, the 12th carries a 
separate listing of newly described (or 
previously overlooked) genera. There 
are 472 names in this list. 

This is the first supplement that has 
appeared under the nominal editorship 
of George Taylor, the new director of 
the Royal Botanic Gardens at Kew. In 
his foreword Taylor gives credit to M. 
I. Skan for the preparation of the sup- 
plement. Botanists in all fields owe a 
debt of gratitude to both Skan and 
Taylor, and to the Royal Botanic Gar- 
dens, for the preparation and sponsor- 
ship of this indispensable work. In its 
format and in the excellence of its 
printing, the 12th supplement is a 
worthy addition to a distinguished series 
of botanical reference works. 

A. C. Situ 
Museum of Natural History, 
Smithsonian Institution 


The Gifted Group at Mid-Life. Thirty- 
five years’ follow-up of the superior 
child. vol. 5 of Genetic Studies of 
Genius, Lewis M. Terman and Melita 
H. Oden. Stanford University Press, 
Stanford, Calif., 1959. xiii +187 pp. 
$4.50. 


If we were to identify a large group 
of 1l-year-olds with IQ’s that place 
them within the highest 1 percent of 
the school population and follow their 
careers for 35 years, what would we 
find? Few biographers have the _per- 
tinacity to wait for an answer. It is our 
good fortune that Terman has under- 
taken such a study—and of no less than 
1500 individuals. Unfortunately Ter- 
man’s death occurred before he could 
witness the ground swell of interest in 
exceptional talent which followed the 
scientific events of 1957. 

The book is concerned primarily with 
the status of the gifted subjects in 1955, 
when their average age was 44. Careful 
comparisons have been made of the in- 
cidence of death, suicide, mental illness, 
sexual maladjustment, schooling, occupa- 
tional rank, income, and fecundity in the 
gifted group and in the general popula- 
tion. The authors have been remarkably 
successful in bringing together statistics 
that are scattered over many fields. The 
analysis shows that the gifted subjects 
continue to be superior in nearly every 
respect. We learn that the present birth 
rate of 2.4 children per mother among 
the gifted women and the wives of gifted 
men is insufficient to “maintain the 
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stock,” although the authors point out 
that a number of child-bearing years 
remain. Of particular interest is the find- 
ing that the mean intelligence level as 
measured by the Concept Mastery Test 
significantly increased between the ages 
of 30 and 40. 

For the reader who wishes to obtain a 
brief review of Terman’s 35 years of re- 
search on gifted subjects, this will be a 
useful book. Readers of earlier volumes 
will find that it covers familiar ground. 
It provides a concise summary of an in- 
vestigation which sought to tell us (i) 
what intellectually superior children are 
like as children; (ii) how well they turn 
out; and (iii) what some of the factors 
are that influence their later achieve- 
ment. The last aim was only partially 
realized. The authors themselves con- 
clude that the research has not yielded 
much information on methods and tech- 
niques for the education of the gifted. 
However, by showing the records of ac- 
complishment of gifted children who go 
through our schools without any special 
educational opportunities, the authors 
have provided a valuable base line 
against which the effects of future inno- 
vations may be assessed. 

Donatp L,. THISTLETHWAITE 
National Merit Scholarship 
Corporation, Evanston, Illinois 


Mass Leisure. Eric Larrabee and Rolf 
Meyersohn, Eds. Free Press, Glencoe, 
Ill, 1958. x + 429 pp. $6. 


This collection of readings roams 
widely over a rather loosely defined 
subject, but the serious reader should, 
in general, find it an informative and 
provocative set of skilled attempts to 
dissect and explain “the leisure that has 
become available, on an increasing scale, 
to the populations of the industrial 
West.” 

In confining their attention to the in- 
dustrial Western nations, the authors 
point out a rather basic distinction be- 
tween “class leisure” and “mass leisure,” 
the former involving the use of free time 
which was secured as a right or preroga- 
tive of classes whose orientation was 
towards leisure, the latter involving the 
use of free time earned and paid for 
by people whose orientation is towards 
work. It is “the working class” that is now 
joining the ranks of the “leisure class” 
as a result of greatly reduced hours of 
work and a considerably increased span 
of life. But this new-found leisure has 
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come faster than have the changes in 
our attitudes towards work and in our 
philosophies of life; thus, it has brought 
anxieties and “problems” along with the 
potential advantages of a freer and bet- 
ter life. The book is, in general, an ex- 
plication of these social trends. 

The volume begins rather pedanti- 
cally by quoting the two pages on 
“leisure” found in the Oxford-English 
Dictionary, followed by the five pages 
on the same subject contained in the 
Encyclopedia of the Social Sciences. 
This may, unfortunately, prove too 
much for the general reader 





a pity, 
because the readings become more in- 
teresting, meaty, and thought-provoking 
as the distance from this logical but un- 
imaginative beginning increases. The suc- 
ceeding sections, for example, contain a 
number of theoretical discussions of a 
philosophic, psychological, and sociolog- 
ical nature, such as Bertrand Russell’s 
“In praise of idleness,’ Jean Piajet’s 
“The explanation of play,” Robert Mac- 
Iver’s “The great loneliness,” and Mar- 
garet Mead’s “The pattern of leisure in 
America.” There is not much connection 
between these sections, but the reader 
will come away with a sense of ex- 
panded horizon and a greater depth of 
perception regarding the subject. 

The third section of the book is de- 
voted to empirical studies—statistics on 
the amounts and uses of leisure and field 
studies on leisure behavior. Lundberg’s 
classic study of Westchester County, 
N.Y., is included, along with the For- 
tune report on “30 Billion for fun,” and 
Cleveland Amory’s description of Amer- 
ican upper-class white society at Tuxedo 
Park appears alongside Franklin Frazier’s 
account of the “black bourgeoisie.” 





Finally, in section four, the authors 
include a series of articles on specific 
forms of mass leisure, under the sub- 
headings “Sports,” “Hobbies,” “Holiday 
travel,” and “Fads and habits.” Here 
will be found studies on “camping in 
the wilderness,” the “do-it-yourself mar- 
ket,” the “motivational pattern of drink- 
ing,” and “sex as play.” 

The volume ends with some words 
about the future of leisure in our society 
and with a bibliography which “attempts 
to include all works on leisure written 
in the English language since 1900.” 
The list is arranged by decade and in- 
cludes only 22 items from the perioc 
1900 to 1909 but over 400 items for the 
8 years from 1950 to 1958—an indica- 
tion of the growing importance of the 
subject to us today. 

Although this is a professional rather 





than a popular book—in the sense, at 
least, that it is confined for the most 
part to serious items from the research 
and the theoretical literature—it is also 
a book about each of us who is strug- 
gling to adjust his way of life to make 
more profitable use of his leisure time, 
or at least to understand why he can’t 
do so. Thus, I believe that any serious 
reader will come away from reading this 
volume with greater perspective on him- 
self and on the people around him. 
Raymonp V. Bowers 
Department of Sociology and 
Anthropology, University of Georgia 


Excavations at La Venta Tabasco, 1955. 
Philip Drucker, Robert F. Heizer, and 
Robert J. Squier. Smithsonian Institu- 
tion, Washington, D.C., 1959 (order 
from Superintendent of Documents, 
GPO, Washington 25). viii +312 pp. 
Illus. + plates. $4. 


As the title implies, this monograph 
reports on extensive excavations made 
at the Olmec site of La Venta, Mexico, 
during approximately three months of 
1955 by a National Geographic Society— 
Smithsonian Institution—University of 
California archeological expedition. 

The purpose of these excavations was 
to obtain definitive information on pat- 
terns of construction or architecture—a 
problem concerning which previous ex- 
cavations of the site had produced only 
inconclusive results. Most of the work 
was concentrated in the Ceremonial 
Court area (complex A), which lies just 
north of the pyramid. Four construction 
phases were recognized: phase 1, the 
water-sorted floors period; phase 2, the 
white-floor period; phase 3, the rose- 
floor period; and phase 4, the red-clay- 
cap period. 

The authors are of the opinion that 
“La Venta represents a culturally “float- 
ing’ manifestation of classic (or flores- 
cent) Olmec culture which at the pres- 
ent time is not firmly anchored to other 
sites or culture periods either at its be- 
ginning or end” (page 259). Radiocar- 
bon dates are interpreted as indicating 
that complex A was constructed and 
used continuously during, approximately, 
the period 800 to 400 B.c. 

Two points of wider significance are 
discussed under the heading “Possible 
sociopolitical situation at La Venta.” 
La Venta may have been selected as the 
district ceremonial center because of its 
relative isolation. Whereas the religious 
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centers of Europe are associated with 
large population centers, in Mesoamer- 
ica in Preclassic times there may have 
been a less intimate connection between 
economic factors, population numbers, 
and religion. The authors’ assignment of 
the site to the Formative or Preclassic 
period of Mesoamerica runs contrary to 
“the opinion of some earlier writers 
who believed that elaborate systems of 
sociopolitical or socioreligious controls, 
as manifested by major construction 
projects, did not come into being until 
the Classic period” (page 269). 

Bert A, GERow 
Department of Anthropology, 
Stanford University 


Evolution by Natural Selection. Charles 
Darwin and Alfred Russell Wallace. 
Cambridge University Press, New 
York, 1958. viii+ 288 pp. $4.75. 


Among the spate of books published 
to celebrate the centenary of the pub- 
lication of the Origin of Species, this 
volume occupies a special place. Over 
half of the book consists of an anno- 
tated and complete reprinting of Dar- 
win’s lengthy “Essay” of 1844, long vir- 
tually unavailable, in which he set forth 
his views about the causes and evidences 
of evolution with a comprehensiveness 
and a logical force that would have 
made writing of the Origin itself seem 
superfluous to a lesser man. This is the 
solid document Darwin entrusted to his 
wife with explicit written instructions 
for its publication in case he should die 
before completing the Origin. 

Also included are Darwin’s 47-page 
“Sketch” of 1842, an apparently un- 
polished but reasonably complete treat- 
ment of his theory; the famous Wallace- 
Darwin papers of 1858; a letter from 
Darwin to Asa Gray at Harvard; and, 
finally, an informative introduction to 
most of these documents, written in 
1909 by Darwin’s son Francis. Gavin de 
Beer has furnished an up-to-date and 
readable foreword. 

For an American, special interest at- 
taches to the Asa Gray letter, in which 
Darwin expounds and apologizes for his 
theory in, for him, an incredibly brief 
space. It is to be regretted that neither 
this book nor the recent Darwin Reader 
by M. Bates and P. S. Humphrey (Scrib- 
ner, New York, 1956) includes the 
“P.S.” at the end of this letter, for in 
it Darwin distinguishes between natural 
selection and the then unknown laws of 
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what we now call which 


Darwin terms “all important” in pro- 


mutations, 


viding the “groundwork for selection to 
act on.” 

No one can read these “essays” with- 
out being struck by the great importance 
Darwin gave to the relationship between 
the production of new breeds of domes- 
tic plants and animals by selective breed- 
ing and the evolution of new species by 
natural selection. The material on the 
evolution of animal behavior and in- 
stincts makes good reading now that 
Tinbergen and his school have recon- 
ferred scientific respectability on this 
important field. Because these essays 
preceded the publication of the Origin 
by a decade and a half, they serve as 
links between Darwin and his predeces- 
sors. Of them de Beer well says, “none 
of these precursors was able to compel 
attention, let alone adherence, to these 
views; and it is because of the complete- 
ness of his demonstration of the fact of 
evolution, and of the method by which 
it has been brought about, that the 
world owes its debt to Darwin.” 

GaIRDNER MoMENT 
Department of Biological Sciences, 
Goucher College 


New Books 


Anatomy and Physiology. vol. 1. Cells, 
tissues, integument; skeletal, muscular, 
and digestive systems; blood, lymph, 
and circulatory system (College Outline 
Series). Edwin B. Steen and Ashley Mon- 
tagu. Barnes & Noble, New York, 1959. 
347 pp. Paper, $2.50. 

Annual Review of Plant Physiology. 
vol. 10. Leonard Machlis, Ed. Annual Re- 
views, Palo Alto, Calif., 1959. 490 pp. $7. 
Contents: ‘“Prefatory chapter,’ W. J. 
Chandler; ‘Foliar absorption of mineral 
nutrients,” S. H. Wittwer and F. G. Teub- 
ner; ‘Leaf proteins,’ N. W. Pirie; “Light- 
induced reactions of bacterial chromato- 
phores and their relation to photosyn- 
thesis,’ A. W. Frenkel; “The structure of 
the chloroplast,” J. J. Wolken; “Active 
transport of salt into plant tissue,” G. G. 
Laties ; “Respiratory mechanisms in higher 
plants,” D. P. Hackett; ‘“Photoperiodic 
control of floral induction,” J. Doorenbos 
and S. J. Wellensiek; “The lignins,” R. E. 
Kremers; “Fat metabolism in higher 
plants,” P. K. Stumpf and C. Bradbeer; 
“The pine tree,” N. T. Mirov and R. G. 
Stanley; “Physiology of virus diseases,” 
F. C. Bawden; ‘Plant chemotherapy,” 
A. E. Dimond and J. G. Horsfall; ‘““The 
macronutrient elements,” T. C. Broyer 
and P. R. Stout; “Nitrogen nutrition,” 
R. H. Burris; ““Metabolism of carbon com- 
pounds,” M. Gibbs; ‘“The chemical regu- 
lation of growth (some substances and 
extracts which induce growth and mor- 
phogenesis),” F. C. Steward and E. M. 





Shantz; ‘“‘Auxins and fungi,” H. E. Gruen; 
“Phototropism and phototaxis,” J. Rein- 
ert. 

The Chemistry and Technology of 
Cereals as Food and Feed. Samuel A. 
Matz, Ed. Avi Publishing, Westport, 
Conn., 1959. 747 pp. 

Circuit Theory of Linear Noisy Net- 
works, Herman A. Haus and Richard B. 
Adler. Technology Press of Massachusetts 
Inst. of Technology and Wiley, New York; 
Chapman & Hall, London, 1959. 91 pp. 
$4.50 

Elements of Materials Science. An in- 
troductory text for engineering students. 
Lawrence H. Van Vlack. Addison-Wesley, 
Reading, Mass., 1959. 544 pp. $8.50. 

The Emergence of the German Dye In- 
dustry. Studies in the Social Sciences, vol. 
44, John Joseph Beer. Univ. of Illinois 
Press, Urbana, 1959. 175 pp. Paper, 
$3.50; cloth, $4.50. 

Evolution of Nervous Control from 
Primitive Organisms to Man. A sym- 
posium. Publ. No. 52. Allan D. Bass, Ed. 
AAAS, Washington 5, 1959. 238 pp. 


Members (prepaid), $5; nonmembers, 
$5.75. 
Experiment Perilous. Physicians and 


patients facing the unknown. Renee C. 
Fox. Free Press, Glencoe, IIl., 1959. 262 
pp. $5. 

Families in Treatment. From the view- 
point of the patient, clinician, and the 
researcher. Erika Chance. Basic Books, 
New York, 1959. 252 pp. $5.50. 

Family Planning, Sterility, and Popu- 
lation Growth. Ronald Freedman, Pascal 
K. Whelpton, Arthur A. Campbell. Mc- 
Graw-Hill, New York, 1959. 526 pp. 
$9.50. 

Optical Mineralogy. Paul F. Kerr. Mc- 
Graw-Hill, New York, ed. 3, 1959. 456 
pp. $8.50. 

Pigment Cell Biology. Proceedings of 
the fourth conference on the biology of 
normal and atypical pigment cell growth. 
Myron Gordon, Ed. Academic Press, New 
York, 1959. 661 pp. $13.50. 

A Primer of Programming for Digital 


Computers. Marshal H. Wrubel. Mc- 
Graw-Hill, New York, 1959. 245 pp. 
$7.50. 


Principles of Direct-Current Machines. 
Alexander S. Langsdorf. McGraw-Hill, 
New York, ed. 6, 1959. 380 pp. $8.50. 

Proceedings of the First National Bio- 
physics Conference. Henry Quastler and 
Harold J. Morowitz, Eds. Yale Univ. 
Press, New Haven, 1959. 784 pp. 

Programming for Digital Computers. 
Joachim Jeenel. McGraw-Hill, New York, 
1959. 525 pp. $12. 

Research Techniques in Human Engi- 
neering. Alphonse Chapanis. Johns Hop- 
kins Press, Baltimore, 1959. 328 pp. $6. 

Russian for the Scientist. John Turke- 
vich and Ludmilla B. Turkevich. Van 
Nostrand, Princeton, N.J., 1959. 265 pp. 
$5.95. 

A Short Course in Organic Chemistry. 
Harold Hart and Robert D. Schuetz. 
Houghton Mifflin, Boston, Mass., 1959. 
346 pp. $6. 

A Symposium on Molecular Biology. 
Raymond E. Zirkle, Ed. Univ. of Chicago 
Press, Chicago, Ill., 1959. 356 pp. $7.50. 
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Taxonomic “Descriptions” 


Abstract. Original descriptions of or- 
ganisms are often difficult to visualize, 
due to the fact that authors attempt to 
include the variability of the species in the 
description. Since the scientific name re- 
mains associated permanently with the 
holotype, it is suggested that the descrip- 
tion of the holotype (which is a concrete 
thing) be segregated from the characteri- 
zation of the species (which is conceptual ). 


My observations regarding the func- 
tions and objectivity of taxonomic “de- 
scriptions” result from experiences of the 
past 20 years in trying to visualize de- 
scribed organisms. I offer them in the 
hope that they may stimulate a discus- 
sion of methods which will result in less 
ambiguity in descriptions and, conse- 
quently, in greater ease of recognizing 
named forms. 

Obviously the first questions to be an- 
swered are: What is a description? 
What is its purpose? Webster’s New Col- 
legiate Dictionary (ed. 5) defines de- 
scription in the following terms: ‘‘Dis- 
course, or an example of it, designed to 
describe a scene, person, emotion, etc.” 
Since Webster utilizes describe to define 
description, it is necessary to refer to the 
former, for which the first part of the 
definition reads: “To represent by 
words.” Webster gives as synonyms of 
describe: “represent, relate, recount, 
narrate, express, explain; depict, picture, 
delineate, characterize.’ The purpose 
of a description is to convey a concept 
of the object under scrutiny as clearly 
as possible by means of words, pictures, 
or diagrams. 

But what are we describing? In the 
past, we have commonly stated that we 
are describing a “‘new species” or a “new 





Instructions for preparing reports. Begin the re- 
port w*th an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see ‘Suggestions to Contrib- 
Utors” [Science 125, 16 (1957)]. 
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Reports 


genus.” The result, in general, has been 
that the greater the amount of material 
the author had before him, the vaguer 
and less useful for identification his “de- 
scription” became. Descriptions based 
upon long series become loaded with 
more or less, usually, generally, about, 
a litte longer, and comparable terms, 
with the result that a person trying to 
visualize the organism, or to match a 
specimen with the description, finds it 
extremely difficult to do so. Though such 
phrases or words are used deliberately 
because they are indefinite and ambigu- 
ous, they make it difficult for the reader 
to learn what the described specimens 
look like. Descriptions based upon 
uniques are usually more easily visual- 
ized than are those based upon series. 

Are we, however, actually describing 
species or genera? At best we are de- 
scribing only a very small segment of a 
variable and varying population which 
is represented by preserved specimens. 
It follows that any description or char- 
acterization of a “species” is necessarily 
imperfect, because no person knows the 
full extent of variability in any species. 
Furthermore, since no two specimens are 
exactly alike, the association of speci- 
mens must always be somewhat subjec- 
tive. 

Because of the impediments encoun- 
tered in connection with verbal descrip- 
tions, the system of types was developed, 
the “holotype” being a single specimen 
selected by the author to represent the 
species permanently and to serve as a 
point of referral for authoritative infor- 
mation in case questions arise. Conse- 
quently, the closer the description comes 
to fitting the holotype exactly, the better 
the picture one can obtain of the typical 
specimen of the species. 

Under such circumstances, would it 
not be best to follow the ensuing pro- 
cedure in describing new species? 

1) Describe the holotype exactly and 
in detail, giving comparative measure- 
ments in concrete terms or ratios. Selec- 
tion of the holotype from the specimens 
available becomes the first step in “de- 
scribing,” if such a process is used. Since 
only a single specimen is involved, there 
can hardly be an excuse for ambiguity 
or vagueness in the description. Data re- 
garding place and time of capture, col- 
lector, host, other pertinent information, 


and location of the holotype should be 
given. (A few authors do follow the pro- 
cedure of describing the holotype at 
present. ) 

2) If it is available, describe the allo- 
type and record data associated with it. 

3) Attempt to characterize the species 
—that is, discuss the probable limits, 
variability, and geographical and host 
ranges of the species and the characters 
by which the species can be most easily 
recognized. Compare the remainder of 
the series—that is, the paratypes—with 
the holotype and explain your concep- 
tion of the species. 

4) Differentiate the species 
others which have been described. 

To a certain extent, a comparable 
modus operandi might be adopted for 
the higher categories, since each has its 
“type,” but the descriptions of course 
become more and more inclusive. 

Following such a procedure in de- 
scribing new species would enable one 
to segregate the tangible (the holotype) 
from the intangible (the conception 
which the author has of the species) and 
would go far toward making the original 
description more useful to the person 
who has to refer to it. The procedure 
also makes justifiable the description of 
“species” upon the basis of uniques or 
small series (although this is not recom- 
mended unless a group is being revised 
or monographed). 

The use of such a system would be 
one means of placing taxonomy on a 
more objective basis. It would certainly 
be of help in the future, as neotypes are 
designated to replace our present holo- 
types (which inevitably will be de- 
stroyed as the ages pass). 

R. D. SHENEFELT 
Department of Entomology, 
College of Agriculture, 
University of Wisconsin, Madison 
26 February 1959 
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Bomb Carbon-14 in Human Beings 


Abstract. The concentration of bomb- 
produced radiocarbon in human beings 
will lag behind the rising concentration 
in average atmospheric COs. Measure- 
ments on human materials suggest a lag 
of about 1 year for both breath CO: and 
blood, with the suggestion of a somewhat 
higher value for lung tissue. These results 
are in reasonable agreement with predic- 
tions based on independent evidence. 


In evaluating the hazard to man of 
bomb-produced radiocarbon, one of the 
factors which must be considered is the 
time relationship between the C1 con- 
centration in the carbon of the human 
body and that in the carbon of atmos- 
pheric CO,. Several investigators (/-3) 
have published data on the atmospheric 
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radiocarbon increase resulting from nu- 
clear tests. To our knowledge, no com- 
parable information has been published 
for the human body. 

To date three measurements of con- 
temporary body radiocarbon have been 
made in our laboratory. The results 
given in Table 1 are expressed as per- 
millage difference from the C14 concen- 
tration of a standard sample (3). In 
order to eliminate differences resulting 
from isotopic fractionation, C1!/C1 
ratios were determined for each sample, 
allowing the radiocarbon results to be 
normalized to a common C13/C?2 ratio 
(see last column, Table 1). 

The results are plotted in Fig. 1 along 
with the curve published by Broecker 
and Walton (3) for the C14 concentra- 
tion in atmospheric CO, as a function 
of time. Since all the results are normal- 
ized to the same 5C?* value, displace- 
ments from the curve reflect only a lag 
between the human materials and the 
average atmosphere. -For blood and 
breath CO,; this lag is 1.1 years; for 
lung tissue, 1.8 years. 

Ideally, only two factors should con- 
tribute to this time lag: (i) the time be- 
tween photosynthesis of food and con- 
sumption by human beings and (ii) the 
residence time of carbon in human tis- 
sue. However, if the curve of Fig. 1 does 
not represent the atmosphere in which 
foods eaten by the sample subjects were 
grown, this fact will also influence the 
lag times. As is discussed below, the true 
lag times are probably less than the val- 
ues obtained from Fig. 1. 

As pointed out by Suess (4) and Fer- 
gusson (5), plants growing in industrial 
areas show a greater fossil CO, effect 
(that is, lower C1* concentration) than 
those growing in areas removed from in- 
dustrial activity. In addition, Munnich 
and Vogel (2) have suggested that plants 
growing in zones of dense vegetation may 
incorporate CO, given off by decaying 
organic materials in soils. Both effects 
will tend to lengthen the lag times ob- 
tained in Fig. 1, the curve of which is 
based on samples collected in areas re- 


Table 1. 


terials. 


C™“/C™ ratios for human ma- 





Sample 6c 6C Ac** 
Lung tissue, with 
associated blood, 
from a New York 
City resident. 
(Sample L-371A, 
June 1958) 


Respiratory CO, from 
a resident of Rock- 
land County, N.Y. 
(Sample L-505A, 

1 Jan. 1959) 


Blood from same 

person as sample 

L-505A. (Sample 

L-505B, 1 Jan. 

1959) 115+ 8 -16.5 102+ 8 


61410 - 14.7 


106+ 8 -21.8 105+ 8 
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Fig. 1. Relationship between the normal- 
ized C™ concentration in human beings 
and the C™ concentration in tropospheric 
COz of the Northern Hemisphere. Curve 
taken from Brocc!:er and Walton (3). 


mote from both industrial activity and 
dense vegetation. 

Although it is not possible to predict 
how much too long the lag times might 
be, a few assumptions can give an idea 
about the magnitude. If the local “Suess 
effect” (dilution with industrial CO,) 
were to be 1 percent greater than the 
world average value of 2 percent (5), 
the lag time as measured in Fig. 1 would 
be 0.2 year too long; this is based on 
the presently observed atmospheric in- 
crease of 5 percent per year. Further- 
more, if plants were to photosynthesize 
a significant amount (say 10 percent) of 
decay CO, and if this CO, were derived 
mainly from organic material grown 3 
years previously when the atmosphere 
was 15 percent lower in its C1* concen- 
tration, then an apparent lag of 0.3 year 
would be introduced. Thus it is evident 
that the lag times read from Fig. 1 are 
maximum values. 

A crude estimate of the lag between 
photosynthesis and human consumption 
can be made by considering the average 
American diet. For fruits, vegetables and 
grains, the time is not likely to exceed 1 
year, for the supply of these foods is 
almost completely replenished each 
growth season. Milk products should 
have a similar time lag, since the milk 
should closely reflect the animal diet (a 
cow produces its own body weight of 
milk in 3 months). An analogous situa- 
tion exists for eggs. On the other hand, 
meat may show a longer lag, since the 
mean residence time of carbon in the 
animal must be taken into account. Since 
meat provides less than 20 percent of the 
carbon in the average diet, this effect is 
probably not sufficient to raise the aver- 
age lag to more than 1 year. 

To our knowledge, the biological half- 
life for carbon in the soft tissue and- bone 
of man has not yet been determined. For 
soft tissue in rats the value is 35 days 
(6), but as was shown by Richmond and 
Langham (7), who have determined bio- 
logical half-times of alkali metals in 
various mammals, the residence time for 
human beings may be considerably dif- 
ferent from that for rats (for Cs187 it is 





6.5 times longer). A lower limit for the 
turnover time can be obtained by divid- 
ing the carbon content of the body by 
the amount of carbon metabolized per 
day. The latter may be computed as food 
intake less fecal excretion or as respira- 
tory CO, plus urinary carbon. In either 
case, the result is about 300 g of carbon. 
For a 150-Ib person, therefore, the mini- 
mum turnover time for the body as a 
whole is about 40 days. This figure is 
also the length of time which respiratory 
CO, should lag behind ingested food. 

From the foregoing information, these 
conclusions are warranted: 

1) The interval between the fixation 
of carbon in average food and the con- 
sumption of that food is less than 1 year 
(that is, less than 1.1 years minus 40 
days). 

2) The maximum time which blood 
lags behind food is about 6 months; in 
other words, the mean residence time of 
a carbon atom in the blood is no more 
than 6 months. This is based on an upper 
limit (2 0) for the difference between 
blood and respiratory CO, (20 per mill) 
converted to months through division by 
4 per mill per month (equivalent to the 
slope of the atmospheric curve in Fig. 
1) and supplemented by the 40-day lag 
between breath and food. 

3) The carbon of lung tissue has a 
somewhat longer mean residence time 
than that of blood. 

From this discussion it is evident that 
more measurements are needed. Among 
other things, further measurements 
should answer these three major ques- 
tions: (i) To what extent does decay 
CO, enter growing plants? (ii) To what 
extent can variation in diet affect the 
lag time? (iii) What is the mean resi- 
dence time of carbon in human soft tis- 
sue and in human bone? Answers to 
these questions will provide further data 
needed in assessing the hazard to man 
of bomb-produced radiocarbon (8). 

WaLLaceE S. BROECKER 
ARTHUR SCHULERT 
Epwin A. OLSON 
Lamont Geological Observatory, 
Columbia University, Palisades, 
New York 
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Carrier State in 
Human Acatalasemia 


Abstract. The heterozygous carrier state 
of a rare hereditary disease, acatalasemia, 
has been defined biochemically. Affected 
homozygotes have no blood catalase ac- 
tivity, whereas heterozygotes show activi- 
ties intermediate between this inactivity 
and the activity of normal controls, with- 
out overlap. Pedigrees show a high fre- 
quency of consanguineous marriages. 


In 1949 Takahara and Miyamoto (1) 
reported four siblings with progressive 
gangrenous gingivitis in whom catalase 
activity was not demonstrable in the 
peripheral blood. In this and subsequent 
communications (2-4), these authors de- 
scribed and elaborated upon the syn- 
drome and coined the term acatalasemia, 
since the level of catalase activity in the 
tissues other than blood could not be as- 
certained. 

At the time of our preliminary report 
(5), 38 cases of acatalasemia in 17 fami- 
lies had been documented by various in- 
vestigators in Japan (6). In all but three 
families, two or more siblings were af- 
fected. A history of consanguineous mar- 
riage was obtained from 16 families. 
Among the parents of the acatalasemic 
individuals were ten instances of first- 
cousin marriages and two marriages in- 
volving not only first cousins but addi- 
tional degrees of relationships as well; 
three sets of parents were more remotely 
related, and. information on the others 
was uncertain. Takahara et al. (3) have 
suggested that the disorder is transmitted 
as a monogenetic recessive character; 
however, in these previous studies the 
genotypic characteristics were not in- 
vestigated in the related family members 
in whom definite catalase activity has 
been demonstrated. 

After review of the levels of catalase 
activity reported by Takahara (4), it 
occurred to one of us (E. T. N.) that 
the mean value of blood catalase activity 
among the positive catalase reactors of 
the acatalasemia families seemed to be 
lower than that noted for the control 
group. This was interpreted to indicate 
that certain members of the acatalasemia 
family probably had significantly low 
levels of catalase activity, while others 
had higher values, comparable to the 
control series. 

To investigate this possibility (7), 
heparinized blood samples were obtained 
from five families previously studied by 
the Okayama University group. A modi- 
fication of the method used by Herbert 
(8) was employed for the determination 
of blood catalase activity. The activity, 
which is expressed as the reaction veloc- 
ity constant K,4 (K, x 108), was deter- 
mined for randomly selected Japanese 
subjects in Hiroshima and Nagasaki: 
the mean value was 5.54 (range, 3.91 to 
7.10) in 206 individuals (9). In Fig. 1, 
of the 66 cases of positive catalase re- 
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actors in the five acatalasemia families 
examined, 30 had K,,4. values which 
were definitely below those of the con- 
trols: the mean was 2.15 (range, 1.48 to 
2.89), and there was no overlap with 
values for the controls. This phenomenon 
of low blood catalase activity is referred 
to below as hypocatalasemia. One can, 
apparently, with this biochemical tech- 
nique, readily separate the hypocatala- 
semic from the normal and the acatala- 
semic states. 

As Fig. 2 shows, certain members of 
the families of acatalasemic subjects are 
hypocatalasemic while others possess 
normal blood catalase values. It ap- 
pears that (i) the parents of acatala- 
semic children are hypocatalasemic, (ii) 
the siblings of acatalasemic individuals 


may be either hypocatalasemic or nor- 
mal, and (iii) an acatalasemic parent 
has hypocatalasemic children when 
mated to a normal individual. The pos- 
sibility that an acatalasemic-hypocatala- 
semic parent combination may produce 
acatalasemic and hypocatalasemic chil- 
dren has not yet been demonstrated. 
Genetically, the hypocatalasemic state 
may be thought of as a carrier state for 
acatalasemia. Sawin and Glick (/0) 
have described a similar genetic pattern 
for the enzyme atropine esterase, in rab- 
bits. They ascribed the difference in the 
amount of enzyme activity to incomplete 
dominance—that is, ability to produce 
the enzyme is dominant over absence of 
this ability. 

The results of the study reported here 
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Fig. 1. Distribution of catalase values for members of the five acatalasemia families and 
comparison with a percentage distribution curve of values from a normal control group. 
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resemble the data reported by these in- 
vestigators and suggest that in this re- 
spect the underlying genetic phenome- 
non may be similar. The exact nature 
of the defect in acatalasemia is at pres- 
ent not clear. 
Epwin T. NisHIMURA 
Howarp B. HaMILTon 
Tuomas Y. Kopara 
Atomic Bomb Casualty Commission, 
Hiroshima and Nagasaki, Japan 
SHicEO TAKAHARA 
YosHio OcurRA 
KatsusaBuro Dot 
Department of Otorhinolaryngology, 
Okayama University Medical School, 
Okayama, Japan 
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Presence of Myoglobin in 
“Cartilage” of the Marine 
Snail Busycon 


Abstract. The odontophore of the snail 
Busycon has been found to contain myo- 
globin. The red pigment is readily ex- 
tracted with water, and spectrophotomet- 
ric analysis shows the characteristic peaks 
of myoglobin at 575 and 539 mu. Although 
the odontophore is considered to be carti- 
laginous, it contains, not a chondroitin 
sulfate, but a polyhexose sulfate. This 
unusual chemical composition may be re- 
sponsible for the absorption of myoglobin 
by the odontophore. 


The occurrence of myoglobin in the 
marine snail Busycon caniculatum was 
first noted by Ball and Meyerhof (1 
who studied the myoglobin and respira- 
tory enzymes of the muscles associated 
with the radula of this snail. Since the 
blood pigment of Busycon is hemocyanin, 
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it is of interest to note the occurrence of 
an additional oxygen-carrying pigment. 
In recent studies on the cartilage-like tis- 
sues of some marine invertebrates it was 
noted that the odontophore (the sup- 
porting rod for the radula in the pro- 
boscis) of Busycon contained a bright 
red pigment. This pigment was readily 
extracted with water, and subsequent 
analysis of the aqueous solution of pig- 
ment in a Beckman model DU spectro- 
photometer proved it to be myoglobin. 
This solution of pigment gave an « peak 
at 574 my and a B peak at 538 to 539 
mw. These peaks are in agreement with 
the data of Ball and Meyerhof (/) for 
the muscle myoglobin of Busycon. 

Myoglobins have a higher oxygen-car- 
rying capacity and are more soluble than 
hemocyanin. Therefore, myoglobin would 
probably be a more efficient respiratory 
pigment in the comparatively active 
movements of the radular apparatus. 
The radular musculature is rich in myo- 
globin, and so is the odontophore, to 
which the muscles are attached. The 
fact that the odontophores of young 
snails do not contain myoglobin and 
that those of older snails do accumulate 
the pigment suggests that myoglobin is 
stored there and is not essential to the 
metabolism of the tissue. 

The odontophores of snails are fre- 
quently thought of as being cartilage 
tissue. With the advent of biochemical 
analysis, cartilage is currently defined as 
tissue which contains one or more of the 
chondroitin sulfates and which, upon hy- 
drolysis, yields a hexosamine (p-galactos- 
amine), a uronic acid, and su!furic acid. 
Alkaline extracts of the odontophore ex- 
tracted with potassium chloride and po- 
tassium carbonate (2) yielded a mate- 
rial which, upon ionophoresis (borate 
buffer, pH 10.0; potential gradient, 18 
v/cm), produced a spot which stained 
metachromatically with alcoholic thionin 
0.15 percent in 65-percent ethanol). 
This metachromatic material had an 
ionophoretic mobility (— 12.2) slightly 
greater than that of chondroitin sulfate 
— 11.8). Pronounced streaking of the 
material during ionophoresis indicated 
that the extracted material was badly 
degraded. On improving the methods of 
extraction by use of trypsin digestion 
3), an extract was obtained which gave 
no indication of being degraded. This 
extract was strongly metachromatic and 
had an ionophoretic mobility similar to 
that of the alkaline extract. 

Upon acid hydrolysis (4.0N HCl for 
18 hours or 1.0N H,SO, for 4 hours in 
sealed glass tubes) and _ subsequent 
chromatography (butanol:acetic acid: 
water, 3:2:1), neither hexosamine nor 
uronic acid was detected. The only 
hydrolyzate product detected was glu- 
cose. Sulfate analysis (4) indicated that 
the extract contained ester sulfate. The 
polysaccharide of the odontophore is 


therefore a polyglucose sulfate and not 
one of the mucopolysaccharides normally 
found in cartilage (5). Since the odonto- 
phore does not contain the polysaccha- 
rides characteristic of cartilage, it can- 
not be considered normal cartilage. A 
further analysis of the apparently unique 
chemical composition of the odonto- 
phore may help to explain why the myo- 
globin is absorbed by the chondroid 
matrix (6). 

James W. Lasu* 
Department of Anatomy, 
School of Medicine, University of 
Pennsylvania, Philadelphia 
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Notes on the Champlain Sea 
Episode in the 
St. Lawrence Lowlands, Quebec 


Abstract. Palynological studies, coupled 
with geological investigations and radio- 
carbon dating, have shown that the 
Champlain Sea episode in the St. Law- 
rence lowlands is in part contemporaneous 
with the Two Creeks interstadial of the 
Wisconsin glaciation. 


Recent studies made on Pleistocene 
deposits of the St. Lawrence lowlands, 
Quebec, involving stratigraphic studies 
by Gadd (1), Karrow (2), and McClin- 
tock (3), and palynological studies by 
Potzger (4), Potzger and Courtemanche 
(5), and me (6) have clarified the 
chronology of the late Pleistocene events 
in that area enough to warrant a reas- 
sessment of the previously accepted 
sequence of these events. 

The palynological studies (Fig. 1) 
have indicated conclusively the regional 
presence of the postglacial pine period 
(Fig. 1, pollen zones III and IV), the 
hypsithermal interval (7), and_ the 
earlier spruce maximum (Fig. 1, pollen 
zone V) in post-Champlain Sea deposits 
of the St. Lawrence lowlands. 

In sediments older than those show- 
ing the spruce maximum (zone V) the 
higher percentages of pine pollen (Pinus 
banksiana), accompanied by an increase 
of non-tree pollen, have been interpreted 
as evidence for a late-glacial episode 
(zone VI). The high percentages of pine 
pollen should, perhaps, be explained by 
over-representation due to the high pol- 
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len production of pine. This effect be- 
comes more apparent when the total 
amount of tree pollen from local sources 
is low. 

The late-glacial episode was followed 
by a change toward a colder and moister 
climate, or both (8), as indicated by 
the marked increase of spruce (zone V 
This increase of spruce, often accom- 
panied by an increase of balsam fir, can- 
not be explained as a local development 
in the forest succession because in all 
diagrams this spruce maximum has a 
definite age and position, preceded and 
followed by other regionally consistent 
maxima and minima in other pollen 
graphs. Hence this spruce maximum 
must be caused by a regional climatic 
change and can be used as a chrono- 
logical marker in the pollen stratigra- 
phy. 

The pine zone (Fig. 1, zones III and 
IV) consists of an early part (zone IV), 
characterized by pollen of jack pine 
(Pinus banksiana), and a main part 
(zone III) when pollen of white pine 
(Pinus strobus) and red pine (Pinus 
resinosa) were predominant. The main 
part of the pine pollen zone (zone III) 
is believed to be contemporaneous with 
the postglacial hypsithermal interval 
(7). An age of 5000 to 7000 years for 
this interval seems generally acceptable. 

The spruce maximum (zone V) is 
necessarily older and may correlate with 
the upper part of the spruce zone in 
Connecticut, dated at 8155+410 years 
(radiocarbon sample Y-282). Since the 
pollen record in the St. Lawrence low- 
lands extends somewhat further back in 
time, an age of 8500 to 9000 years, based 
on palynological and paleobotanical rea- 
soning, seems conceivable for the earliest 
postglacial pollen-bearing sediments. It 
was most encouraging when a radiocar- 
bon age of 9430+ 250 years (sample L 
441-C) was obtained for the basal sedi- 
ments of the St. Germain bog near 
Drummondville (6, p. 5). 

Since the pollen diagrams showing 
pollen zones V and VI at the base are 
from the center of the St. Lawrence 
lowlands, only about 300 feet above 
present sea level, it follows that the main 
part of the Champlain Sea episode must 
be an older event; the maximum limit 
of the marine inundation of the area 
reached the present elevation of 600 
feet. 

Furthermore, the studies by Gadd (/) 
and Karrow (2) have conclusively 
proved that, contrary to the interpreta- 
tion by Osborn (9, 10), the St. Narcisse 
moraine a few miles north of the St. 
Lawrence River at Three-Rivers, Que- 
bec, was formed by ice from the north 
and the readvance was contemporaneous 
with a part of the Champlain Sea epi- 
sode. 

In this connection it should perhaps 
be mentioned that recent mapping and 
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Fig. 1. Pollen zones and late Wisconsin events in the St. Lawrence lowlands (QM, 
quercetum mixtum; NAP, nonarboreal pollen). 


study of Pleistocene deposits in the low- 
lands have failed to support Osborn’s 
speculation about a local ice lobe in the 
lowlands (9, 1]) and, as also shown by 
Gadd (1), I have been able to prove 
to my satisfaction that the “marine cre- 
vasse fillings” in the Lotbiniere area (9 
are longitudinal and parabolic dunes 
formed on the crest of the Drummond- 
ville moraine (J) in early post-Cham- 
plain Sea time. The sand is clearly wind- 
transported and contains no fossils. 
Some years ago samples of marine 
shells, embedded in deposits of the 
Champlain Sea, were collected from 
sites near the highest marine limit in the 
Ottawa and Montreal area, by Elson, 
Prest and Wagner of the Geological Sur- 
vey of Canada and these samples were 
dated by the radiocarbon method at the 
Yale Geochronometric Laboratory (12). 
The following dates (13) were obtained: 
10,630 + 330 years (Y-215), 10,850 + 330 
years (Y-216) and 11,370+360 years 
(Y-233). On grounds of possible con- 
tamination by old carbonates and the 
fact that “they were incompatible with 
the dated Great Lakes sequence,” these 
dates were discarded by Flint (/2, p. 
278) as “probably spurious.” Since these 
dates are consistent among themselves, 
it is my opinion that they may be of the 
right order of magnitude and thus ap- 


proximately date an early phase of the 
Champlain Sea episode. This view is 
shared by H. de Vries of the Groningen 
radiocarbon laboratory, Holland, who 
accompanied me on field trips to the 
St. Lawrence lowlands last summer. 
These dates would be, indeed, difficult 
to explain if the time limits generally 
suggested for the Champlain Sea epi- 
sode (from about 5000 to 7000 years 
ago) were correct (12, p. 272). 

The present evidence indicates that 
the Champlain Sea episode in the St. 
Lawrence lowlands may be in part con- 
temporaneous with the Two Creeks in- 
terval and hence the St. Narcisse re- 
advance can perhaps be correlated with 
the Valders (?) substage. The palyno- 
logical studies, supported by radiocarbon 
dates, suggest that pollen zone V, show- 
ing the spruce maximum, may indicate 
a later readvance of ice in northern 
Quebec and probably at Cochrane, On- 
tario. If so, this readvance should have 
occurred about 7500 to 8000 years ago. 
It is interesting to note that the sequence 
of events as outlined above is in accord 
with the results of studies made by Fair- 
bridge (/4) on the Late-Pleistocene 
eustatic sea-level fluctuations. 

JAAN TERASMAE 
Geological Survey of Canada, 
Ottawa, Ontario 
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Growth Responses of Phycomyces 
to Polarized Light Stimuli 


Abstract. The effectiveness of stimuli in 
air depends upon the direction of polari- 
zation. For sporangiophores immersed in 
a medium of refractive index similar to 
that of the protoplasm this dependence 
disappears. These facts indicate that one 
is dealing with simple Fresnel reflection 
losses and not with dichroism of oriented 
photoreceptors. 


For the tropic response of Phycomyces 
sporangiophores, Castle (1) observed that 
light polarized horizontally (electric vec- 
tor perpendicular to the long axis of the 
sporangiophore) was 10 to 15 percent 
more effective than equal incident flux 
polarized vertically. Castle concluded 
that the differential response to polar- 
ized light was due to Fresnel reflection 
losses at the front surface of the cylin- 
drical sporangiophore. Reflection losses 
are larger for vertically polarized light. 
Recently, however, Jaffe (2) stated, 
without explanation, that differential re- 
flection cannot explain the observation. 


Table 1. Average values of intensity (ar- 
bitrary units) necessary for growth re- 
sponse null. “Polarized vertically’? denotes 
that the electric vector was parallel to the 
long axis of the sporangiophore; 15 to 18 
determinations were averaged for each 
450 mu value and only 7 and 4 for 380 
muy value. Standard errors of the mean are 
given. 


In air In air In FC-43 
Direction (A = 450 (\ = 380 (A = 450 


mp) mu) mu) 





Polarized 
vertically 1.24+0.02 1.214+0.01 1.06 + 0.04 
Polarized 

horizontally 1.00+ 0.03 1.00+0.06 1.00 + 0.05 
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He suggested that since the photore- 
ceptors of Phycomyces are likely to be 
dichroic, the differential response might 
be due to an alignment of photorecep- 
tors within the sporangiophores. 

To test this hypothesis the relative 
effectiveness of horizontally and _ ver- 
tically polarized light in producing 
growth responses was measured by a 
null method. The apparatus, intensity 
units, and growth response measure- 
ments have been described previously 
(3). Sporangiophores were rotated con- 
tinuously (2 rev/min). A standard blue 
stimulus of fixed intensity impinging 
bilaterally 60° from the vertical long 
axis of the sporangiophore was _alter- 
nated every 5 minutes with a test stimu- 
lus impinging unilaterally 90° from the 
vertical. The monochromatic test stimu- 
lus (wavelength 450 or 380 mu) was 
plane polarized by a glass laminated 
linear polarizer (Polaroid Corp., HN22). 
The dispersing elements of a Beckman 
DU spectrophotometer were used as a 
monochromator, and the intensity of the 
test beam was controlled by varying the 
slit width. Intensity as a function of slit 
width was calibrated against a thermo- 
pile standard with an RCA 935 photo- 
tube-amplifier system. 

The increase in sporangiophore length 
was measured to the nearest micron for 
each 5-minute period. The difference in 
growth during two consecutive 5-minute 
stimuli (blue followed by test) was 
ideally zero if the test stimulus matched 
the blue stimulus. If the test signal was 
too large, a growth response maximum 
occurred during the blue stimulus (re- 
sponse occurs 5 minutes after stimulus) 
and a positive difference, blue minus 
test, was observed. If it was too small, 
a minimum occurred during the blue, 
and a negative difference was observed. 
For a given intensity and polarization of 
the test stimulus the sum of the differ- 
ences for three cycles was plotted against 
log slit width. The intensity necessary 
for a growth response null was deter- 
mined graphically. 

In air (Table 1), the horizontally 
polarized beam is about 20 percent more 
effective than the vertically polarized 
beam, as would be expected from Cas- 
tle’s observation for the tropic response. 
The growth response has the advantage 
of requiring no assumptions about the 
spatial distribution of the light within 
the sporangiophore in producing a re- 
sponse, except that the light must enter 
to be effective. 

If the observed effect were due to di- 
chroism of oriented receptors, the mag- 
nitude of the effect might be expected 
to be different for a second strong ab- 
sorption band. However, the response 
differences for the two directions of 
polarization at two action spectrum 
maxima, 380 and 450 mu (4), were 
identical. 





To eliminate reflection losses, spo- 
rangiophores were stimulated while im- 
mersed in totally fluorinated tributyl- 
amine (FC-43, Minnesota Mining and 
Manufacturing Co.). The FC-43 has an 
index of refraction at 25°C of 1.29, 
which is close to the average value for 
intact sporangiophores (1.38) (5), and 
is optically inactive. Thus, the reflection 
losses are negligible, since they are a 
function of the square of the difference 
in index of refraction at the interface. 
In FC-43, growth rates are normal and 
a usual time course of response to a large 
pulse-up is observed. Since there is little 
focusing effect, continuous rotation of 
the sporangiophores was unnecessary. In 
FC-43 (Table 1) there is no significant 
difference in growth response for the 
two directions of polarization. 

W. SHROPSHIRE, JR.* 
Division of Biology, California 
Institute of Technology, Pasadena 
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On the Instrumental Conditioned 
Reaction Evoked by Electrical 
Stimulation of the Hypothalamus 


Abstract. Weak electrical stimulation 
of the hypothalamic lateral area of sati- 
ated goats elicited the previously estab- 
lished conditioned reflex of putting the 
left foreleg on the food tray and then 
eating the food given as reinforcement. 
When, during stimulation, food was not 
given, an extinction of the conditioned 
reaction took place. 


Experiments on alimentary condi- 
tioned reflexes performed several years 
ago by one of us (1) led to the conclu- 
sion that an already established instru- 
mental reaction is due to the excitation 
of a hypothetical “alimentary center” 
caused by the conditioned stimulus. The 
discovery of the feeding center in the 
lateral hypothalamic area (2) has sug- 
gested that it may correspond to our 
hypothetical center. Therefore, to test 
our conclusion, we performed experi- 
ments with electrical stimulation of the 
hypothalamic feeding center of satiated 
animals. 

An instrumental conditioned reflex of 
putting the left foreleg on the food tray 
was established in four goats; every 
movement was reinforced by a small 
amount of oats. After a period of train- 
ing, the hungry animal, on entering the 
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experimental pen, started immediately 
to perform the learnt movement; after 
some minutes of repeated conditioned 
reactions, the movements became less 
frequent and then ceased to appear. A 
kymogram of a usual experiment is 
shown in Fig. 1A. If the learnt move- 
ments were not reinforced by food, the 
usual course of extinction of the con- 
ditioned reflex was observed: at first 
the movements grew more frequent and 
energetic, then they gradually disap- 
peared; sometimes the movements re- 
turned for a while, then disappeared 
definitely (Fig. 1C). When the food 
was given again the reflex was imme- 
diately restored. 

After the training series an experi- 
ment with electrical stimulation was 
performed in each goat. According to 
Hess’ method (3) adapted to goats by 
Andersson (4), three unipolar electrodes 
were unilaterally placed in the lateral 
hypothalamic area of the animal under 
local anesthesia. Immediately after the 
operation the animal was placed in the 
experimental pen and, usually after sev- 
eral minutes, it began to perform the 
learnt movement and eat food. After 
some minutes the goat, completely sati- 
ated, ceased to perform the movements 
and did not eat the offered food. Then 
the electrical stimulation (0.5 to 1.5 
volt; 10 to 50 pulses per second) was 
applied. 

At first the animal usually showed a 
kind of orientation-examination reflex; 
then licking frequently appeared, and 
afterward (10 seconds to 1 minute or 
more after the beginning of the stimu- 
lation) the animal came to the food 
tray and performed the learnt move- 
ment which was reinforced by food. If 
the stimulation lasted several minutes 
the movements were repeated and food 
was eaten as in the usual experiment; 
this is shown in Fig. 1B. After the inter- 
ruption of stimulation, one or two move- 
ments still appeared sometimes; the ani- 
mal, however, refused to eat the food, 
remained for a while with the hoof on 
the food-tray, then, as if very surprised, 
it went slowly away. 

In three goats an extinction of the 
conditioned reflex was performed in 
such a way that the food was not given 
for some minutes during the electrical 
stimulation. As is seen on the kymogram 
of this experiment (Fig. 1D) the course 
of extinction is very similar to that oc- 
curring under normal conditions (Fig. 
1C). At the beginning the learnt move- 
ments become more frequent and then, 
after about 1 minute, they disappear; 
several minutes later a few movements 
appear again, then the animal goes away 
from the food tray and, despite con- 
tinuing stimulation, does not show any 
Interest in the food. After about 7 min- 
utes the goat was called to come to the 
food tray and the food was given. After 
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Fig. 1. Kymograms of experiments with goat No. 5. A, Course of a usual training experi- 
ment. B, Experiment with electrical stimulation of the lateral hypothalamic area. C, ‘Ex- 
tinction of the conditioned reflex under usual conditions. D, Extinction of the conditioned 
reflex during electrical stimulation. 1, Learnt movements of foreleg; 2, (not pertinent 
to this study) ; 3, food given; 4, electrical stimulation; 5, time (5 seconds). The arrows 
in C and D show the period in which the food was not given. 


eating the food the goat began to re- 
peat the learnt movement which was 
now every time reinforced by oats, A 
similar result was obtained in two other 
goats. 

When the experiment lasted several 
hours and the animal was more and 
more satiated with food, the movements 
evoked by stimulation were less and less 
frequent and only a part of food offered 
was eaten every time. 

The animal was killed the same day 
and its brain was removed for anatom- 
ical control. 

The elicitation of the conditioned in- 
strumental reaction by electrical stimu- 
lation in these experiments is in har- 
mony with the results obtained by other 
investigators (5) and confirms our pre- 
vious conclusion, mentioned at the be- 
ginning of this report. Some points of 
our results ought, however, to be ex- 
plained. The performance of one or two 
learnt movements after the interruption 
of stimulation seems to be caused by 
inertia of the conditioned movement's 
center. The similar course of extinction 


in usual conditions and during the stim- 
ulation seems to indicate that in both 
cases some inhibitory agents intervene; 
they are perhaps connected with the 
lack of impulses deriving from the re- 
inforcement. 

W. WyrwicKa 

C. DosrzecKa 

R. TarNEcKI 

Department of Neurophysiology, 
Nencki Institute of Experimental 
Biology, Warsaw, Poland 
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Isolation of Several Peptides 
with Relaxin Activity 


Abstract. When a relaxin preparation 
was subjected to counter-current distribu- 
tion for 355 transfers in a butanol-trichlo- 
roacetic acid system, significant biological 
activity was found over a band apprecia- 
bly wider than was expected for a single 
component. By refractionation of the ac- 
tive band, three peptides with relaxin ac- 
tivity were isolated. 


We have previously reported (1) that 
when aqueous ovarian extracts are dis- 
tributed between 2-butanol and 1.0 per- 
cent trichloroacetic acid (TCA) the dis- 
tribution of relaxin activity corresponds 
to that expected for a single molecular 
species, with K = 2.7 to 3.0. It was sub- 
sequently discovered that the system 
2-butanol/0.2 percent TCA afforded 
results more favorable for purposes of 
purification, since the partition coeffi- 
cient for relaxin in the latter system lay 
between 0.7 and 0.9, while the bulk of 
inactive material concentrated in the 
upper phase. More extensive experi- 
ments with relaxin in the 2-butanol/0.2 
percent TCA system indicated the exist- 
ence of more than one substance with 
relaxin activity. The isolation and par- 
tial purification of three active peptides 
is described in this report. 

Relaxin was prepared from acetone- 
dried sow ovarian powder by the method 
of Frieden and Layman (2). Nine and 
seventy-five hundredths grams of a 
preparation containing 40 GPU/mg was 
distributed in separatory funnels between 
2-butanol and 0.2 percent TCA; the vol- 
ume of each phase was 250 ml. Eleven 
transfers were applied. The material in 
funnels 4 to 8, which included most of 
the activity and 17 percent of the total 
starting material (as measured spectro- 
photometrically at 285 mu) was recov- 
ered and distributed between the same 
solvents in the Craig apparatus for 100 
transfers. More than 80 percent of the 
original activity was located in tubes 36 
to 60. This fraction was recovered and 
redistributed as before. After 105 trans- 
fers the contents of tubes 0 to 34 and 
66 to 99 were removed and replaced by 
fresh solvents, and the distribution was 
continued for another 250 transfers with 
the apparatus arranged for recycling. 
The concentration of solute in each tube 
was measured  spectrophotometrically, 
and relaxin activity was determined in 
pooled aliquots from 11 or 12 tubes over 
a band 67 tubes wide. 

The results are shown in the upper 
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Fig. 1. (Top) Distribution of relaxin for 355 transfers in the system 2-butanol 0.2 percent 
TCA. (Bottom) Distribution of material pooled as indicated from experiment 92 for 50 
to 52 transfers in the same system. Solid lines indicate optical density at 285 mu (left 
ordinate ) ; shaded bars indicate relaxin concentrations (right ordinate). The broken lines 
represent theoretical distribution curves. Abscissa: tube number. 


half of Fig. 1. The solid line represents 
the solute concentration (left ordinate), 
and the shaded bars indicate relaxin 
concentration (right ordinate). The 
broken line is the distribution calculated 
for a substance with a distribution co- 
efficient of 0.7, corresponding to the 
peak observed at tube No. 45. It may 
be observed that significant relaxin ac- 
tivity is found over a band appreciably 
wider than would be expected for a sin- 
gle substance. 

The material from experiment No. 92 
was pooled as indicated (tubes 29 to 61, 
62 to 94, and 95 to 28); each fraction 
was concentrated, the excess TCA was 
removed by dialysis, and the recovered 
material was rerun in the same system 
for 50 to 52 transfers. Three peaks with 
relaxin activity were identified, with K’s 
of 0.53, 0.63, and 0.87, respectively 
(lower half of Fig. 1). As before, re- 
laxin concentrations are indicated by 
shaded bars, calculated distributions by 
broken lines. Peptide A (K=0.53) was 
contaminated with a faster moving com- 
ponent; the configurations of peaks B 
and C (K=0.63 and 0.87, respectively) 
were such as to indicate that each might 
contain up to 25 percent of material 
other than the main component. Quan- 
titatively, the material recovered in the 
three active peaks totaled about 1 per- 
cent of the weight of the original prepa- 
ration. 


Paper chromatography of acid hydrol- 
yzates of the three active peaks indi- 
cated the presence in each of the follow- 
ing amino acids: Asp, Ala, Arg, (CyS)., 
Glu, Gly, His, Lys, Ser, Thre, Val, and 
two leucines. From hydrolyzates of the 
DNP-derivatives of the intact-peptides, 
only e-DNP lysine could be identified. 
All of the relaxin-active peptides which 
have been isolated exhibit an absorption 
spectrum characterized by a_ broad, 


nearly flat inflection in the region 255 
270 


.to 285 mu, (E.4,=5.5 to 7.5). The 


reason for this is unknown, since 
neither tyrosine nor phenylalanine could 
be detected in their acid hydrolyzates, 
and less than 0.5 percent tryptophan was 
found in the intact peptides by the 
method of Spies and Chambers (3, 4). 
Epwarp H. FRrirpEN 
Naomi R. STONE 
Noet W. LayMAN 
Arthur G. Rotch Research 
Laboratory, Boston Dispensary, 
Boston, Massachusetts 
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Kodak reports on: 


why it pays to be patient with the scientific mind . .. clear, competitive vision in the 
2-8. region of the infrared ... before and after yogurt 


Color film, fast but good 


Has anything big come out of the 
Kodak Research Laboratories lately? 
Sure—Kodak High Speed Ektachrome 
Film, 


now on sale at thousands of film count- 
ers in 20-exposure 135 magazines, 


an outcome worth all the soothing of 
temperaments, all the technical con- 
ferences, all the writing and reading 
of reports, 


a film with an Exposure Index of 160 
in Daylight Type and 125 in the Type 
B (for 3200°K), 


admitting no impairment of definition 
in return for speed, 


asking little more light than fast black- 
and-white film in return for full color, 
in slides that look right even if the 
photographer has not fussed much 
about the frigidity of his film storage 
cabinet or the color balance of his 
illumination, 


and awfully near right at twice the 
official Exposure Index with three 
minutes more in the first developer. 


Your dealer can arrange to have this film 
processed by Kodak or any other labora- 
tory offering this service. You can also do 
it yourself with the Kodak Ektachrome 
Processing Kit, Process E-2, Improved Type. 


“Irtran” —ask for it by name 


By dint of perseverance, knowledge, in- 
spiration, judgment, experience, ambi- 
tion, ingenuity, and the concentrated 
power of many clear heads and skillful 
hands, we have learned how to mold, 
grind, and polish a certain substance 
to make rugged, optically precise win- 
dows and domes that transmit effi- 
ciently the 2-8u region of the infrared. 

Around this whole package of tech- 
nology we put a convenient string and 
tag it with a new trademark, “Irtran.” 
Immediately—so robust is the Ameri- 
can economy—we find ourselves in 
competition with some excellent fel- 
lows who also possess the above- 
named qualities and who make a most 
excellent infrared-transmitting optical 
material—a gem, synthetic but true, 
with a gem’s name. To spell that name 
out would be as unmannerly as it is 
unnecessary for those caught up with 


infrared-actuated swords and plow- 
shares. 

Rather, we want such cognoscenti to 
spell out Kodak Irtran Optics, Type 
AB-I. 

They cost a lot less than the gem 
makers have a right to ask. 

They see clearly through the 3-5.5u 


~ windows of the atmosphere. 
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They stay clear to at least 800°C in- 
stead of permitting Herr Kirchoff’s law 
to blind them by their own emissivity. 

They have a refractive index of only 
1.301 at 6.74, paying scant tribute to 
M. Fresnel’s celebrated equation about 
reflection losses. 

They survive all the high tempera- 
ture, thermal shock, weathering, hu- 
midity, and abrasion that the current 
tests for swords require. 

Type AB-I is only the beginning of 
the /rtran business, we suspect. Quartz 
was fine when lead sulfide was the 
practical detector; PbS quits at 4y. 
Now the longer wavelength sensitivity 
of cooled lead selenide, lead telluride, 
and indium antimonide has outrun 
the transparency of good old quartz. 
Soon the boys will be banging on the 
8 to 134 window of the atmosphere. 
For lenses with optical power they’ll 
want infrared-transmitting material of 
higher refractive index. Type AB-/ may 
be only the beginning. 

With what excitement the specifications 
for us to quote on will be drawn up and shot 


off to Eastman Kodak Company, Special 
Products Division, Rochester 4, N. Y.! 


Acido orotico 


Around the turn of the century it was 
brought to the world’s attention that 
the inhabitants of certain Bulgarian 
villages were a) living to ripe old ages 
and b) consuming vast quantities of 


This is another advertisement where Eastman Kodak Company 
Probes at random for mutual interests and occasionally a little 


revenue from those whose work has something to do with science 
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the ripe old fermentation products of 
the local dairying. Echoes of this coin- 
cidence have rumbled forth at inter- 
vals since. 

In the twenties a certain elderly 
biochemist who had seen much im- 
portance in the correlation was a cele- 
brated figure of Paris. In the thirties 
American milk wagons were bedizened 
with signs advertising a certain brand 
of fermented milk. In the forties the 
word “yogurt” entered the vocabu- 
lary of the American intelligentsia. 
With the dawn of the fifties, the 
Journal of the American Chemical 
Society (72, 2312) reported that cer- 
tain strains of Lactobacillus bulgaricus 
throve when supplied with 6-carboxy- 
uracil, a substance first synthesized 
in 1897 for academic exercise and later 
shown to be identical with orotic acid. 
This name was derived from o¢0<0, 
whey, by two Italians who had en- 
countered the substance while making 
lactose from milk whey liquors. 

The flowering of biochemical so- 
phistication in the mid-fifties has ex- 
cited a deeper curiosity about orotic 
acid. To some it looks like a significant 
intermediate in the process by which 
living organisms fabricate nucleotides 
for their DNA—the stuff of genes— 
out of the amino acids at their dis- 
posal. This is big talk. 

In Italy interest in acido orotico has 
been rekindled to a small-scale frenzy. 
At the University of Urbino last June 
a colloquium on pyrimidines (Acta 
Vitaminologica, 12, 195-328) devoted 
much of its attention to the compound. 
One man claimed his evidence showed 
that a dietary deficiency of orotic 
acid affects pregnancy, lactation, and 
growth in the rat, that it is a vitamin- 
like factor essential for the survival of 
the newborn. One senses the closing of 
a circle. 


If we had not been invited to quote on 100 
kilos of Orotic Acid recently, we might not 
have looked up all this lore. We didn’t get 
the order, but in trying we made enough of 
it to stock as Eastman 7784 (along with 
2-Thioorotic Acid, Eastman 7783) for the 
convenience of biochemical investigators. 
Anybody who wants to sell it from milk 
trucks is strictly on his own. 

We have some 3700 Eastman Organic 
Chemicals to worry about. Catalog on 
request from Distillation Products Indus- 
tries, Rochester 3, N. Y. (Division of East- 
man Kodak Company). 








Meetings 
Contamination of the Moon 


A committee to consider the implica- 
tions of contamination of the moon and 
planets by extraterrestrial exploration 
(CETEX) was established by the Inter- 
national Council of Scientific Unions 
(ICSU) in March 1958 and held its first 
meeting two months later in The Hague. 
On the basis of two days of discussions, 
CETEX decided that there is a real pos- 


sibility that exploration experiments 
could contaminate the moon or the plan- 
ets in such a way that other experiments, 
particularly biological, would be made 
impossible. The dangers of such con- 
taminations, and steps to avoid them, 
were pointed out in the report of 
CETEX [Science 128, 887 (1958)] 
which was accepted by ICSU at its gen- 
eral meeting in Washington in October 
1958. In addition, the parent organiza- 
tion asked CETEX to meet for a second 
time, with the help of appropriate tech- 
nical experts, to draw up a code of con- 
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duct for space research and to suggest 
the correct sequence of experiments of 
different types. 

The second meeting was held at The 
Hague 9-10 March 1959, the following 
members being present: M. Florkin, 
convener (Belgium); P. Alexander 
(Great Britain); J. Bartels (Germany) ; 
W. O. Fenn (U.S.); D. J. Hughes 
(U.S.); J. Roche (France); and J. 
Résch (France). 

It was impossible for CETEX to pre- 
pare a detailed sequence of space ex- 
periments, principally because of the 
short time interval between its two meet- 
ings and the complexity of the problems 
involved. Instead, it drew up some gen- 
eral principles governing space explora- 
tion that could serve as suggestions to 
COSPAR, the newly organized space re- 
search committee of ICSU, which pre- 
sumably will include the work that 
CETEX has begun. These general prin- 
ciples are given below. Although the 
first report of CETEX was considered in 
detail at the second meeting, primarily 
only minor changes of a technical na- 
ture were made in it. The committee re- 
affirmed its position that the presence of 
life of any type on the moon is ex- 
tremely unlikely and decided, as well, 
that the possibility that free radicals in 
explosive amounts exist on the moon is 
remote. A suggestion was added to the 
report that methods for sterilization of 
rockets be developed as rapidly as pos- 
sible, and that sterilization be instituted 
as a standard procedure. 

The general principles governing space 
research drawn up at the meeting are as 
follows. 

“1) Space research offers a challenge 
and opportunities which should appeal 
to the most imaginative minds. The 
greatest encouragement must be given 
to novel and unconventional approaches 
and no proposal should be sanctioned 
which would hamper the experimenters’ 
freedom of action unless there are com- 
pelling reasons. On the other hand, 
equally imaginative thinking is required 
when considering possible complications 
which can follow a particular type of 
experiment. Surprises are certain and 
unlikely possibilities must be borne in 
mind when dealing with the problem of 
contamination, which is better defined 
as the problem of reducing the risk 
whereby one experiment may spoil the 
situation for other subsequent enquiries. 
The question of deciding whether such 
a conflict is likely to arise can best be 
dealt with by a committee or working 
group engaged in planning, or advising 
on scientific experiments. 

“2) Ideally scientists should be asked 
to inform COSPAR as early as possible 
of each space experiment which is en- 
visaged and of the methods to be used 
in its execution. The broadly based com- 
mittee of COSPAR containing scientists 
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PhDs 
for 
ASW 


(antisubmarine warfare) 


Fine minds are needed to develop 
defenses against missile-firing subs. 

Chance Vought — a widely diversi- 
fied company active in both research 
and development, with current ASW 
study contracts — has five key open- 
ings for PhDs: 


Physicist, Chemist, or Electronics Engi- 
neer to perform theoretical analyses of 
physical phenomena resulting from the 
interaction of a submarine and its envi- 
ronment; to propose and execute labora- 
tory and field experiments to confirm theory. 


Physicist to conduct theoretical, labora- 
tory and field investigations of acoustical 
sources, signatures, propagation, detection 
and analysis. Desired: research experience 
in sonar, sonobuoys, transducers and data 
processing. 


Physicist (Geophysicist) to develop 
devices for measurement of natural and 
induced emanations and effects from a sub- 
marine arising from mechanical, electro- 
magnetic, electrochemical, nuclear biologi- 
cal and gravitational interactions. 


Physicist or Electronics Engineer to 
investigate electromagnetic propagation in 
diverse media in all frequency bands; to 
describe propagation modes in presence of 
anomalies and various states of the sea. 


Mathematician to analyze complex prob- 
lems in defining various theoretical models; 
to apply mathematical analyses in areas of 
stoichastic processes, time series, and infor- 
mation theory to the detection of signals 
in a noise background. 


Each of these five key positions offers a 
stimulating scientific challenge with salary 
to match. Write in complete confidence to: 


Dr. J. F. REAGAN 
Dept. MS-1 


CHANCE 


OUGHT 


SCALLAS, TEXAS 


AERONAUTICS @ ASTRONAUTICS @ RESEARCH 
ELECTRONICS @ RANGE SYSTEMS 
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from all disciplines may be able to see 
much more clearly than the space re- 
search specialists possible conflicts intro- 
duced by such experiments and may be 
able to suggest ways of overcoming these 
difficulties. 

“3) There are a number of obvious 
and necessary experiments which are 
bound to be done and here the COSPAR 
working group dealing with experiments 
may be able to suggest priorities. While 
it may not be possible to avoid all types 
of contamination a proper sequence can 
ensure that the collection of data is not 
thereby hindered. For example CETEX 
recommends positively that no ‘soft’ 
landing, which requires the release of 
large quantities of gases, should be made 
on the moon until experiments have been 
successfully carried out—or at least all 
reasonable attempts made—to determine 
the nature of the moon’s atmosphere. 

“4) In view of the great uncertainties 
which face space research all operations 
which are not capable of conveying 
meaningful scientific data are to be dis- 
couraged even if they do not appear to 
carry with them a known source of con- 
tamination. Risks with the unexpected 
must be taken as otherwise no space ex- 
ploration is possible but such risks must 
be justified by the scientific content of 
the experiment.” 

Dona.p J. HuGHES 
Brookhaven National Laboratory, 
Upton, Long Island, New York 


Forthcoming Events 
September 


1-3. Association for Computing Ma- 
chinery, natl., Cambridge, Mass. (J. Mosh- 
man, Council for Economic and Industry 
Research, Inc., 1200 Jefferson Davis High- 
way, Arlington 2, Va.) 

1-6. College of American Pathologists, 
Chicago, Ill. (A. H. Dearing, Suite 2115 
Prudential Plaza, Chicago 1.) 

1-7. History and Philosophy of Science 
(General Assembly, History Div., Intern. 
Union of the History and Philosophy of 
Science), Barcelona, Spain. (R. Taton, 
IUHPS, 64, rue Gay-Lussac, Paris 5°.) 

1-8. Acoustics, 3rd intern, cong., Stutt- 
gart, Germany. (E. Zwicker, Breitscheid- 
strasse 3, Stuttgart N.) 

1-7 Oct. International Civil Aviation 
Organization (Meteorological Div.), 
Montreal, Canada. (ICAO, Maison de 
l’Aviation Internationale, Montreal. ) 

2-4. Allergy, 4th European cong., Lon- 
don, England. (British Assoc. of Allergists, 
Wright-Fleming Inst., St. Mary’s Hospital, 
London, W.2.) 

2-4. Cryogenic Engineering Conf., 
Berkeley, Calif. (K. D. Timmerhaus, 
CEC, Chemical Engineering Dept., Univ. 
of Colorado, Boulder.) 

2-4. Crystal Imperfections and the 
Chemical Reactivity of Solids (Faraday 
discussion), Kingston, Ontario, Canada. 
(Faraday Soc., 6 Gray’s Inn Sq., London, 
W.C.1, England. ) 





2-5. American Mathematical Soc. and 
Mathematical Assoc. of America (joint 
summer), Salt Lake City, Utah. (E. 
Pitcher, AMS, Lehigh Univ., Bethlehem, 
Pa.) 

2-8. Foundations of Mathematics: In- 
finitistic Methods, symp., Warsaw, Poland. 
(A. Mostowski, Dept. of Mathematics, 
Univ. of California, Berkeley 4.) 

2-9. British Assoc. for the Advancement 
of Science, 121st annual, York, England. 
(Secretary, BAAS, 18 Adam St., Adelphi, 
London, W.C.2, England.) 

3-4, Magnesium in Agriculture, symp., 
Morgantown, W. Va. (D. J. Horvath, 
Dept. of Animal Husbandry, West Vir- 
ginia Univ., Morgantown. ) 

3-5. Nephrology, Ist intern. cong., Ge- 
neva, Switzerland, and Evian, France. (G. 
Richet, Hospital Necker, 149, rue de 
Sevres, Paris 7°, France.) 

3-6. American Sociological Soc., natl., 
Chicago, Ill. (D. Young, Russell Sage 
Foundation, New York 22.) 

3-9. American Psychological Assoc., 
annual conv., Cincinnati, Ohio. (R. W. 
Russell, APA, 1333 16 St., NW, Wash- 
ington 6.) 

4—7. International Federation of Sur- 
veyors, annual (by invitation), Gracow, 
Australia. (IFS, 4, Kanaalweg, Delft, 
Netherlands. ) 

5-12, Application of Radiation Sources 
in Industry, intern. conf., Warsaw, Po- 
land. (P. Fent, IAEA, Vienna, Austria.) 

6-12. Standards on a Common Lan- 
guage for Machine Searching and Trans- 
lation, intern. conf., Cleveland, Ohio. 
(Secretariat, Center for Documentation 
and Communication Research, Western 
Research Univ., Cleveland 6. ) 

6-12. World Confederation for Physio- 
therapy, 3rd intern. cong., Paris, France. 
(A. Nicolle and J. Dupuis-Deltor, Société 
d’Organisation des Congrés Frangais et 
Internationaux, 1, rue Chanez, Paris 16°.) 

7-9. Psychometric Soc., Cincinnati, 
Ohio. (P. H. DuBois, Washington Univ., 
St. Louis 5, Mo.) 

7-9. Society of General Physiologists, 
Urbana, Ill. (F. G. Sherman, Dept. of 
Biology, Brown, Univ., Providence 12.) 

7-10. Institute of Management Sci- 
ences, Paris, France. (A. S. Manne, Dept. 
of Economics, Yale Univ., New Haven, 
Conn.) 

7-11. American Soc. of Clinical Pa- 
thologists, Chicago, Il. (C. E. Wells, 2052 
N. Orleans, Chicago 14.) 

7-11. Illuminating Engineering Soc., 
annual natl. conf., San Francisco, Calif. 
(A. D. Hinckley, IES,, 1860 Broadway, 
New York 36.) 

7-12. European Soc. of Haematology, 
cong., London, England. (E. Neumark, 
Dept. of Pathology, St. Mary’s Hospital, 
London, W.2.) 

7-12. World Medical Assoc., 13th gen- 
eral assembly, Montreal, Canada. (WMA, 
10 Columbus Circle, New York 19.) 

8-15. Sociology, 4th world cong., Milan 
and Stresa, Italy. (Intern. Sociological 
Assoc., Skepper House, 13 Endsleigh St., 
London, W.C.1, England. ) 

9-10. Air Pollution, 2nd intern. cong., 
New York, N.Y. (American Soc. for Me- 
chanical Engineers, 29 W. 39 St., New 
York 18.) 


(See issue of 19 June for comprehensive list) 
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New Products 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 
on page 350. 


® [ONIZATION GAGE achieves linearity over 
a wide operating range by enclosure of 
the ionization region with a grid-like 
end covering that prevents straying of 
ions. Range of the gage for accurate 
measurements is said to be 10-2° mm-Hg 
with direct readings possible down to 
10-12 mm-Hg. Flash filament technique 
permits estimation of partial pressures 
of adsorbable gases to 10-12 mm-Hg. 
Full-scale ranges from 0-to-107° to 0-to- 
10-1° mm-Hg are selectable. (N. R. C. 
Equipment Corp., Dept. 954) 


™ PULSE-HEIGHT ANALYZER uses a fer- 
rite-core memory system to store infor- 
mation in 400 channels. Capacity per 
channel is 65,545 counts. Linearity is 
better than 0.5 percent. Average dead 
time is 120 usec. Maximum input count- 
ing rate without distortion or shift of 
data is greater than 5 x 10® count/min. 
Features include automatic print-out, 
memory subgrouping, and external pro- 
graming. (Radiation Instrument Devel- 
opment Laboratory, Inc., Dept. 955) 


@ ELECTRIC BENCH FURNACE for con- 


tinuous operation at 1900°F and inter- 
mittent duty to 2100°F is said to achieve 
unusual compactness and efficiency by 
use of fibrous potassium titanate for in- 
sulation. One model with chamber vol- 
ume 222 in.’ has an over-all volume of 
1160 in.’; heat-up time 25 min from 70° 
to 1830°F; power consumption to hold 
at 1900°F, 580 w; and case temperature 
260°F for inside temperature 1920°F. 
Weight is 17 lb. (Electric Hotpack Co., 
Dept. 957) 


™ VISCOMETER of rotating cone type pro- 
vides a constant rate of shear adjustable 
from 2 to 20,000/sec by a ten-turn po- 
tentiometer. Three models are available 
for maximum sample temperatures 30°, 
100°, and 200°C. Speed is indicated 
directly, and full torque is available at 
all speeds. Gap is reproducible within 
+0.0001 in. Three cone diameters and 
three torque springs provide a wide 
range of viscosity. (Ferranti Electric 
Inc., Dept. 958) 


"ANALOG COMPUTING COMPONENT ac- 
cepts three variable inputs e,, @,, €3, and 
provides as output e¢,¢,/e,. Accuracy 
as a multiplier, including drift, is said 
to be better than +0.1 v in all four 
quadrants. A three-digit decade pro- 
vides an adjustable voltage which serves 
as an adjustable scale factor for opera- 
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Roland Gohlke, Dow Chemical Company engineer, using Bendix Mass Spectrometer 





to identify compounds emerging from a gas chromatograph. 


NOW BENDIX" TIME-OF-FLIGHT MASS 
SPECTROMETER RECORDS MASS SPECTRA 


The ability to record either mass 
spectra or mass ratios further widens 
the versatility of the Bendix Mass 
Spectrometer. The speed and ease of 
using this new Analog Output System 
are illustrated by the following example: 

During a recent routine analysis 
performed at our Research Labora- 
tories Division, one hundred mass 
spectra were recorded on a direct 
writing recorder in less than two 
hours. These were the mass spectra 


of the eluted components of a mixture 
being separated by a gas chromato- 
graph and fed continuously into the 
Bendix Spectrometer for identification. 

For complete details contact the 
Cincinnati Division, Dept. E6-5, 
3130 Wasson Road, Cincinnati 8, 
Ohio. Export Sales: Bendix Inter- 
national Division, 205 E.42ndSt., New 
York 17, N. Y. Canada: Computing 
Devices of Canada, Ltd., Box 508, 


Ottawa 4, Ontario. *TRADEMARK 








APPLICATIONS 


@ Ch tograph output identifi 
tion, 





@ Molecular beam analysis, includ- 
ing solids’ analysis and high 
temperature research. 


@ Fast reaction studies such as 
rocket exhaust analysis. 


@ Analysis of ions created outside 
the mass spectrometer. 


@ Negative ion studies. 


@ Simple, rapid analysis. 


Cincinnati Division 


CINCINNATI, OHIO 


FEATURES 


RUGGED—The Dow Chemical 
Company experienced only Y2 of 
one percent downtime for mainte- 
nance during the first six months 
of operation. 
FAST—10,000 mass spectra per 
second, 
HIGH RESOLUTION—Usable 
dj t mass resolution beyond 
500 a.mu. 
VARIOUS OUTPUTS—Oscillo- 
scope used alone or ir. combina- 
tion with ion pulse counting or 
recording outputs. 








So” ©. hier es 
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ATOMIC MASS UNITS 


Oscillogram of xenon spectrum. 


e WIDE MASS RANGE—Each 
spectrum covers 1 through 4000 
a.m.u, 

@ SIMPLE, OPEN CONSTRUCTION— 
Permits easy modification for 
special problems. 

e ALUMINUM GASKETS, HIGH 
TEMPERATURE FEEDTHROUGHS— 
Permit effective bakeout. 


ll 
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tions involving only two variables. Dy- 
namic response may be set, for example, 
to give less than 1-deg phase shift at 1 
kcy/sec or 3 db attenuation at 14 kcy/ 
sec. Standard range of inputs and out- 
puts is +50 v. No external equipment 
is necessary to obtain products, ratios, 
squares, square roots, or absolute values. 
(George A. Philbrick Researchers, Inc., 
Dept. 962) 


™ VOLTAGE MONITORING DEVICES are avail- 
able as indicators and relays. The indi- 
cator is an expanded-scale instrument 
graduated in arbitrary units and said to 
be accurate at the point monitored to 
+0.25 percent for d-c and +0.5 percent 
for a-c. Trip-point accuracy of the relay 
is claimed to be within + 0.25 percent for 
d-c and + 0.5 percent for a-c. A response 
delay of 75 msec is standard, but delay 
as high as 2 sec can be provided. (Vol- 
tron Products, Dept. 959) 


@ DIGITAL MICx°METER scans up to 99 
gaging points and prints dimensional 
data with accuracy +0.0001 in. and 
identification number. Operation can be 
manual, semiautomatic, or completely 
synchronized with manufacturing and 
inspection processes. Optional outputs 
include digital display, card-punch in- 
put, or alarm. (Daytronic Corp., Dept. 
969 ) 


® OSCILLOGRAPH records a laterally undu- 
lating track on a narrow plastic tape. 
The track is optically projected within 
the instrument to produce an enlarged 
image on its viewing screen. No process- 
ing is required. The tape is loaded into 
the instrument on 3-in. reels. According 
to the manufacturer, frequency response 
for direct recording is from d-c to 5000 
cy/sec. A magnetic memory unit will be 
available as an accessory to permit 
higher frequencies to be recorded. A 
pickup head to permit playback of the 
record will also be available. (Micro- 


sound Inc., Dept. 967) 


™ VOLTAGE REFERENCE uses a silicon di- 
ode element to provide output reference 
voltage either 8.4 or 16.8 v d-c. Voltage 
regulation is + 0.01 percent for + 10 per- 
cent line voltage variation. Temperature 
coefficient is +0.001 percent/°C from 
—55° to +100°C. Units are available 
for a-c or d-c operation. Output ripple 
of a-c types is less than 0.004 percent. 
(International Rectifier Corp., Dept. 
964) - 


™ DEW-DURATION RECORDER uses a sensi- 
tive element of goldbeater’s skin said to 
be unaffected by relative humidity con- 
ditions and to respond only to actual 
water deposition. The instrument is de- 
signed to be placed between rows of 





plants and is made of noncorroding ma- 
terials. Recording is said to start and 
cease within 5 min of the appearance 
or disappearance of visible dew on foli- 
age. The waxed-paper chart is driven 
by a spring clock at 1 rev/day for 7 days. 
(American Instrument Co., Dept. 960) 


™ ALPHANUMERIC PRINTER accepts digi- 
tal data from digitizers, magnetic or 
perforated tape, and electronic counters 
or computers and prints out at rates up 
to 48,000 digits per second. For logging 
digitized data from a series of analog- 
to-digital converters a scan and print-out 
rate of 200 three-digit numbers is said 
to be realizable. Up to 63 characters are 
available. Printing is on multiple-copy 
fanfold paper; up to four copies can be 
made. (Potter Instrument Co., Dept. 
966) 


™ PROGRAMER is a 13-channel tape device 
giving a program duration of 10.6 min 
at a tape transport speed of 3 in./sec. 
Designed to control up to 13 functions 
simultaneously, it provides electrical 
pulses at predetermined intervals. Pulses 
are produced by a brush which senses 
slots punched in 35-mm insulating tape. 
(Beattie-Coleman Inc., Dept. 961) 

JosHuA STERN 
National Bureau of Standards 
Washington, D.C. 
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VARIABLE-RESPONSE RECORDER 
for densitometry in paper electrophoresis 




























































































FOR PAPER CHROMATOGRAPHY— 


A NEW & SIMPLE METHOD OF 
CHROMATOGRAPHING PAPER STRIPS 















Recording function electrically 
adjustable from linear to 
logarithmic and trans - 
logarithmic 


Sensitivity 
adjustable from 
10 to 200 millivoits 


Designed specifically te be wsed with scanning densitometers for correctly- 
compensated quantitative evalvation of electrophoretic patterns on filter poper 


Write for Bulletin #1100 GREED RGUS TOEOUUGENE SIN) 


BROT GRRAG EEUU AEEEE itt 
Also: Densitometers pH Meters Colorimeters Fluorescence 
Meters _ Electronic P' Photometers 



















The New Kurtz-Miramon Technique 


...permits chromatographing 
large numbers of paper strips 
at one time in a small space. 


...eliminates fumbling with 
dangling, wet paper strips. 


... prevents papers from 
touching or rubbing together 
while being developed, 
washed, sprayed, and dried. 


...eliminates use of anchor 
and anti-siphon rods. 


... utilizes all-glass apparatus. 


Write for Brochure SK 



















CALIFORNIA LABORATORY EQUIPMENT CO. 
98 Rincon Road . Berkeley 4, California 
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ept. continuously small quantities of liquid which do ously from .01 cc. to a maximum of 2.5 cc. per 
not react with glass. It consists of three units; a minute. And this rate may be changed, if 
; motor-driven, hydraulic, adjustable metering desired, without stopping the pump. Complete 
vice ahs ‘ p ‘ 
oii pump; a hydraulic operated driving plunger, and with 50 cc. standard glass syringe for operation 
‘sec. delivery syringe. This rate of liquid delivery is on 115 V. 60 C., A.C. only. 
ions easily adjusted. A reference dial indicating gauge CAT. NO 71-049 
ical shows the setting of the pre-determined rate of 
nes delivery. Its readings may be translated, approxi- 
nses . ‘ 
ape mately by the graph furnished, into volume de- PHIIPPS & BIRDB, INC. 
5 livered per minute. The rate can be accurately Manufacturers & Distributors of Scientific Equipment 
* ‘ 6th & Byrd Streets - Richmond, Va. 
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OM GEICO Here Is How GEICO Can Offer You Such Big Savings 
S$ FR GEICO’S “direct-to-the- policyholder” sales system success- 
IMPORTANT NEW technical or profes- fully eliminates the major expenses of the customary method 
, : employment in a tec . of selling insurance. GEICO insures only drivers in “preferred 
sn Non-Government emp ranteed savings he - i , - P 
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MAIL COUPON TODAY FOR YOUR EXACT RATE JA 
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Standard Family Policy. You get the Guaranteed Savings. You save a full Under65 
Standard Family Auto Policy, the 30% on Collision coverage—as much Name. 21. ° 
same policy used by nearly lead- as 30% on Comprehensive coverage . Saeaespaey : e 
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GLASS ABSORPTION 
CELLS =" 


KLETT 





Bio-Colorimeters — Comparators — Glass Stand- 


SCIENTIFIC APPARATUS 

Klett-Summerson Photoelectric Colorimeters— 

Colorimeters — Nephelometers — Fluorimeters— 
ards—Klett Reagents. 








Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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ANNUAL REVIEWS 


PSYCHOLOGY 
Vol. 10 (Jan. 59) 


PLANT PHYSIOLOGY 
Vol. 10 (June 59) 


ENTOMOLOGY 
Vol. 4 (Feb. 59) 


BIOCHEMISTRY 
Vol. 28 (July 59) 


PHYSIOLOGY 
Vol. 21 (Mar. 59) 


PHYSICAL CHEMISTRY 
Vol. 9 (Sept. 58) 
MEDICINE 

Vol. 10 (May 59) 


MICROBIOLOGY 
Vol. 12 (Oct. 58) 


NUCLEAR SCIENCE 
Vol. 8 (Dec. 58) 


Most Back Volumes also available 


$7.00 postpaid (U.S.A.) ; $7.50 postpaid (elsewhere) 


ANNUAL REVIEWS, INC. 


Grant Avenue, Palo Alto, California 
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Firefly Lanterns 


...for a simple, specific and accurate assay of ATP in 
a mixture with other compounds. The determination is 
based on a linear luminescence response when ATP is 
added to an extract of firefly lanterns. 


It is also applicable to the quantitative measurement of 
other compounds or reactions involving ATP stoichiomet- 
rically. 


REFERENCES 


Strehler, B. L. and Totter, J. R.; Methods of Bio- 
chemical Analysis, Vol. 1, page 341. Editor, David 
Glick, Interscience Publishers, Inc., New York, 
1954. 


McElroy,W. D. and Strehler,B.L.; Arch. Biochem. 
22; 420, 1949. 


Strehler, B. L. and Totter, J. R.; Arch. Biochem. 
Biophys. 40, 28, 1952. 





For information write 


~orfhovon WORTHINGTON BIOCHEMICAL CORP. 


FREEHOLD * NEW JERSEY 
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INEXPENSIVE 
“SCIENCE” 
BINDERS 










Keep your copies of SCIENCE always available for 
quick, easy reference in this attractive, practical 
binder. Simply snap the magazine in or out in a few 
seconds—no punching or mutilating. It opens FLAT 
—for easy reference and readability. Sturdily con- 
structed—holds 26 issues. 


Now made of stronger materials to accommodate 
heavier volumes. 


This beautiful maroon buckram binder stamped in 
gold leaf will make a fine addition to your library. 
Only $3.25 postpaid; add 50¢ for orders outside 
U.S.A. (Personal check or money order, please.) 
Name of owner, 75¢ extra; year of issues, 50¢ extra. 


SCIENCE inners" 


SCIENCE, VOL, 130 
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Letters NEW “PUSH-BUT TON” 
(Continued from page 298) e t S oO U _ 

made after removal by filtration of al- A vi vi A R E 

et larger panindane Me a HANDLING SYSTEM 


interested in whether the bound poly- 





phosphates on clay micelles can be re- works without costly man ipulators 
leased and used by phytoplankton, but ° ' ; ae ° } . . 
we had difficulty with analyses of soluble or winadou s—offers unique crmouce of 


phosphorus and did not get all the data 
desired. Several analyses showed, how- 
ever, that soluble phosphorus was almost 
nil, indicating the complete removal of 
this form by plankton. Furthermore, we | 
did have several short-period (rather | 
than minor) blooms of phytoplankton 
which almost certainly required more 
than minimal quantities of phosphorus. 
A single bloom of Anabaena in each 
of the two more fertile ponds reached 
10,000 and 40,000 colonies per cubic 
centimeter, respectively. In two ponds 
the average population of phytoplankton 
was around 300 to 500 cells per cubic 
) centimeter. 


configurations and field strengths 





We have a longer paper in prepara- 
tion which gives more complete data. 
L. A. Wuirrorp 
Ronatp C, PHILiies 
North Carolina State College 
School of Agriculture, Raleigh 











Professions 


=< 
nm 


The letter entitled “What is a pro- 
fession?” [Science 129, 1688 (1959) ] 





_ prompts me to send you the definition 
credited to Justice Brandeis: “A pro- 
§ fession is an occupation requiring pre- 


liminary intellectual training, pursued 


primarily for.others and not merely one- | C M \W ‘ hy MAGI Multi Array 
self, and accepting as the measure of urtiss- rig t Gamma Irradiator 


achievement one’s contribution to so- 

















ciety rather than individual financial | MAG is a kilocurie source handling system with simple push-button 
reward.” | control for sending individual source capsules back and forth between 
_ A. R. Patton a dry storage container and the radiation area. Sources travel through 
Colorado State University, Fort Collins flexible tubes that are easily arranged in pre-determined configurations 
. to give complete freedom in setting up any desired radiation pattern. 
| W. W. Benton, in his letter “What is Any number of the source capsules can be in use at one time, giving a 
N a profession?,” states, “Only three of push-button choice of effective field strength. 
thes : . * a Te ‘ ‘ 
r these require certification, namely, med Irradiations can be carried out on a research or production develop- 
- icine, education and, in some states, t le. batch ti basis. The MAGI is ideall ited fi 
engineering” (italics mine). ment scale, batch or continuous basis. The is ideally suited for 
This statement is incorrect, as all our prototype use in the fields of food, agriculture, chemistry (including 
e 50 states and Puerto Rico now require plastics and petroleum), biology, medicine, and materials testing. 
registration for an engineer to practice. 
This, of course, means independently we a 
n and for a consideration. Thus, an engi- PRINCETON DIVISION ; 
. neer can practice his profession without Write for literature A 
Y being registered if this is done under the . describing the MAGI | 
supervision of a registered professional in detail 4 
. engineer, who assumes the responsibility CORPORATION + PRINCETON, N.J. x 
for such engineering work. ~ | 
NW, Se oar _. SAMUEL I. SACKS | in Canada contact CANADIAN CURTISS-WRIGHT LIMITED, 1980 SHERBROOKE STREET WEST, MONTREAL, P. @., CANADA 
06 Widener Building, In countries other than U.S.A. and Canada contact 
Philadelphia, Pennsylvania EXPORT DIVISION, CURTISS-WRIGHT CORPORATION, 50 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK 
L.. 130 
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Opportunities 
in Experimental and 
Theoretical Research 


GODDARD SPACE 


FLIGHT CENTER 


The Goddard Space Flight 
Center, the National Aero- 
nautics and Space Admin- 
istration, is engaged in a 
program of basic research 
covering all phases of ex- 
perimental and _ theoretical 
physics associated with the 
exploration of space. Oppor- 
tunities exist for physicists, 
geophysicists, and astrono- 
mers in the program, which 
emphasizes the following 
areas: 


PLANETARY SCIENCES 


Atmospheres of the Moon 
and Planets; ionospheric 
physics; atomic and elec- 
tronic interactions; plane- 
tary interiors; geodesy; the 
lunar surface and interior; 
meteor physics. 


ASTRONOMY 


Interstellar and intergalactic 
media; stellar structure; cos- 
mology; relativity; develop- 
ment of new astronomical 
instruments for use in rock- 
ets, satellites and space 
probes. 


SOLAR PHYSICS 
Solar-terrestrial relationships ; 
measurements in the ultra- 
violet and x-ray regions of 
the spectrum. 


METEOROLOGY 


Synoptic satellite and rocket- 
sonde_ studies; _ theoretical 
meteorology. 


PLASMA PHYSICS 
Magneto-fluid flow; magnetic 
fields and particle popula- 
tions in space; cosmic rays. 


Address your inquiry to: 


Dr. Michael J. Vaccaro 
Goddard Space Flight Center 


NASA 


4555 Overlook Avenue, S.W. 
Washington, D.C. 


r—— PERSONNEL PLACEMENI——— 
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CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of 
Box Number counts as 10 additional 
words. Payment in advance is required. 
Positions Open, $33 per inch or frac- 
tion thereof. No charge for box 
number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 


DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $33.00 per inch 

4 times in 1 year 30.00 per inch 

7 times in 1 year 28.00 per inch 

13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 














iii POSITIONS WANTED || 





Bacteriologist, Ph.D. Teaching and research ex- 
perience. Also training in botany and zoology. 
Box 194, SCIENCE. x 





Clinical Chemist (female) ; 10 years’ experience, 
M.S. Seeks Ph.D. plus opportunity to earn 
maintenance simultaneously, Box 184, SCI- 
ENCE. 8 





Medical Mycologist. Ph.D. For research and 
teaching. Broad experience with fungi, tubercle 
bacilli, actinomycetes, transduction, genetics. 
Box 193, SCIENCE. 8/14, 21 





Research Psychologist, M.A., pharmacy degree, 
mental hospital experience. Seeks challenging 
position in development of methods for objec- 
tive clinical evaluation of potential tranquilizers 
and antidepressants. Box 189, SCIENCE. X 





Virologist. Ph.D. Important discovery cancer. 
Desires continue research, Box 191, SCIENCE, 





IN| POSITIONS OPEN |i 








BIOCHEMIST DEPARTMENT HEAD 
Ph.D. or equivalent desired with broad 
interests in ENZYMOLOGY, METABOLISM and its 
disorders. Very attractive position in research 
division of progressive and expanding 
pharmaceutical firm. Please give detailed 
résumé of education and experience. 

ETHICON, INC. 
Route 22 Somerville, New Jersey 








IMiliiiii POSITLONS OPEN jill 








HISTOCHEMIST 


An expanding midwestern pharmaceutical 
company has an opportunity for a M.S. 
histochemist or equivalent in histopatho- 
logical laboratory of department of path- 
ology. Work involves supervision of lab- 
oratory technicians and responsibility of 
teaching them new techniques. There is 
opportunity for individual development in 
histochemical techniques and photomicro- 
graphic instrumentation. Please send com- 
plete résumé to: 
Technical Employment Coordinator 


The Upjohn Company 


Kalamazoo, Michigan 




















(a) Biochemist; M.S., Ph.D. to head depart- 
ment, teach technicians, establish new tests, 
some research opportunity; must be experienced 
in clinical chemistry; supervise three new labo- 
ratories under construction in 400-bed general 
hospital; to $12,000; midwestern capital city. 
(b) Chemist; Ph.D. to head department, fully 
approved 400-bed medical school affiliated general 
hospital; ideal location, Pacific Northwest. (c) 
Bacteriologist; Ph.D. experienced, interested in 
clinical bacteriology, head bacteriology, para- 
sitology, serology, responsible to pathologist for 
supervision of six employees; 450-bed general 
teaching hospital; to $9000; East. (d) Biochem- 
ist; recent Ph.D. able to direct laboratory staff 
of 30 to 35; experienced clinical chemistry; new 
400-bed hospital to replace present facility by 
late 1959; $10,000; California coastal city. (e) 
Biochemist; Ph.D. physiology or biochemistry, 
to train in-plant visitors in coagulation, related 
problems, give seminars, keep abreast competi- 
tive products, developments; about $10,000; 
eastern concern. Woodward Medical Bureau, 
Ann Woodward, Director, 185 North Wabash, 
Chicago. x 





College—Undergraduate. Permanent _ position 
teaching modern physics. Begin September 1959, 
Ph.D. preferred. $7560 for 9 months. Summer 
work available. Write Dean Harrison H. Ferrell, 
West Virginia State College, Institute, West 
Virginia. x 











Man wanted to cover selected and profitable ter- 
ritory for specialty firm in Midwest. Must have 
some laboratory background and desire to sell. 
Products now servicing more than 11,000 labora- 
tories in the United States providing a positive 
labeling system for laboratories and institutions. 
Box 60, SCIENCE. 8/ 





Mathematician, to teach day and some evening 
courses in upstate New York college. Courses 
through numerical analysis. Rank and base salary 
negotiable. Attractive retirement plan. Op- 
portunities for research or increment teaching. 
Ph.D. preferred. Physicist also desired. Statc 
qualifications to Assistant Dean, Utica College 
of Syracuse University, Utica, New York. x 





Microbiologist-Biochemist. Ph.D. for basic 
studies in macromolecular synthesis (DNA, 
RNA, protein). Large research institute. Active 
research group research associateship. Box 174, 
SCIENCE, 7/24, 31; 8/7 





Microbiologist-Biochemist. Recent or prospective 
Ph.D. Research fellowship for biochemical 
studies on autotrophic bacteria. Active biology 
department. Box 187, SCIENCE. 8/7, 14, 21 





Pharmacologist, M.D. or Ph.D. to organize and 
direct new laboratory in growing pharmaceutical 
operations of N.Y.S.E. listed company. Candi- 
date should have broad interest, practical ap- 
proach and working familiarity with evaluation 
procedures in diverse fields of drug action. Ex- 
cellent opportunity for well-trained young man 
for key position. Submit résumé, discussion of 
interest, photo, and salary requirements. Con- 
fidence will be fully respected. Box 190, 
SCIENCE, 8/21 





(a) Physician to handle clinical research liaison 
work for international medical staff; duties con- 
sist principally of handling correspondence with 
clinical investigators in Europe regarding studies 
of products; possibility of foreign travel; knowl- 
edge of French or German helpful. (b) Ph.D. in 
Chemistry to direct laboratory staff; 400-bed 
general hospital; Pacific Coast. (c) Biochemist, 
Ph.D. well qualified in enzymology and_ultra- 
microtechnique; will conduct research and serve 
as head of clinical tissue department; new build- 
ing, important unit of large medical center affili- 
ated with school of medicine; large city, Mid- 
west. (d) Parasitologist; research department, 
group of well-qualified internists; should be 
qualified to handle tests for both clinical and 
research purposes; vicinity Chicago. S8-1 Medi- 
cal Bureau, Burneice Larson, Director, 900 
North Michigan Aveune, Chicago. xX 





Physicist, M.S. or Ph.D., for radioisotope and 
metabolic research program of 727 GM&S bed 
Veterans Administration Hospital affiliated with 
Indiana University Medical School. Work will 
consist of metabolic research and biological and 
medical applications of isotopes. Background in 
mathematics for dosimetry, body distribution 
studies, statistics, and knowledge of nuclear 
instrumentation required, Starting salary $7510 
or $10,130 per annum, depending on experience 
and education. Position is in the Career Civil 
Service and will be filled through the competi- 
tive system, Write Personnel Officer, Veterans 
Administration Hospital, 1481 West Tenth 
Street, Indianapolis, Indiana. 8/7, 14 





Physiologist, Ph.D., or M.D. Research associate 
in cardiovascular program in eastern medical 
school. Position open 15 September 1959. Box 
192, SCIENCE. x 
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hiiII| POStTIONS OPEN |i 


Ph.D., Pharmacologist. With interest in drug 
evaluation and pharmacodynamics for position of 
senior pharmacologist with expanding research 
department of midwestern pharmaceutical com- 
pany. Some industrial experience preferred. Send 
vita and salary record to Box 178, SCIENCE. 

7/31 ; 8/7, 14 
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_FOUNDED 1922 
EEved and EB ug 
EB esearch Heaabcrateries 


.. 6..¢ .¢ 2. 8. O.2.A_.F. 8 © 








Physiologist, Ph.D. Position in physiological re- 
search. Experience in respiratory physiology pre- 
ferred but will consider applicant with basic 
knowledge of techniques. Apply to Director, De- 
partment of Physiology, P.O. Box 6128, Mon- 
treal, P.Q., Canada. X 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete joh data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE, 
SCT., Box 99, Station G, Brooklyn 22, N.Y. ew 








STATISTICS CHEMICAL AND 
PHARMACEUTICAL 


Expanding research facilities require ad- 
ditional statistician to apply modern sta- 
tistical methods in research, development, 
and control. 
Excellent opportunity for person with 
technical background and training or ex- 
perience in statistics. 
Address inquiries to 

Employment Division 


Abbott Laboratories 
North Chicago, Ill. 

















The ae Place 


BOOKS + SERVICES + SUPPLIES - EQUIPMENT 





DISPLAY: Monthly invoices will be sent 
on a charge account basis—provided 
that satisfactory credit is established. 


Single insertion $33.00 per inch 
4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 
13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 
For PROOFS on display ads, copy must 

reach SCIENCE 4 weeks before date 

of issue (Friday of every week). 














Ill BOOKS AND MAGAZINES || 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers, Please send us lists and description of 
eriodical files you are willin 3, to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 








||| PROFESSIONAL SERVICES ||| 








CONSULTATION, RESEARCH 
DEVELOPMENT 


For Drug, Food, Cosmetic & Chemical Industry 
CONTRACT PATHOLOGY for RESEARCH 
CLINICAL EXFOLIATIVE CYTOLOGY 
INBRED & HYBRID QUALITY HAMSTERS 
Contact without obligation 
BIO-RESEARCH CONSULTANTS, INC. 
9 Commercial Avenue, Cambridge, Mass. 
Un 4-8735 
F. Homburger, M.D., Director; P. Bernfold, Ph.D., 
Director of Research; R. Whitney, Ph.D., Director of 
Animal Production; A. B. Russfield, M.D., Pathologist 
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Maurice Avenue at 58th Street 
Maspeth 78, New York City 
CABLE: FOODLABS _TEL. TWINING 4-0800 


AUTHORS WANTED 
BY N.Y. PUBLISHER 


New York, N.Y. — One of the nation’s largest 
book publishers is secking book-length manu- 
scripts of all types — fiction, non-fiction, poetry. 
Special attention to new writers. For more infor- 
mation, send ~ booklet 28A — it’s free. Vantage 
Press, 120 W. 31 St., New York 1. (Branches in: 
Washington, BD. C., Chicago, Hollywood, Calif.) 
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ANIMAL CAGES 


and INCUBATORS 






@ American-Lincoln ani- 
mal cages of all 
_ ing from single units 
large four compart- 
=a sizes. Special cages, 
spare pans, racks, etc., 
built to order. Incuba- 
tors for egg embryo and 
container work used by 
America’s leading scien- 
tific institutions. 


Write for New Catalog 


AMERICAN-LINCOLN INCUBATOR CO. 
New Brunswick, N.J. Dept. 





USE THIS EASY SELF-MAILER fo obtain 
further information 


? 
Rea d. ers oui ce 


7 August 1959 


Information Requisition 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in New Products. This cou- 


pon is good for 3 months only. 


From: 


— |... EE ery 


ND af eiela ate ee Ate oo. cls.e, 4 


Postage 
Will be Paid 





Zene ..... eee ee 
(Please print or AEE, 


Mark, clip coupon—FOLD HERE along this line—mail 


Postage Stamp 
Necessary 


If Mailed in the 
United States 











BUSINESS REPLY MAIL 
First Class Permit #12711 New York, N.Y. 








Keaihevs Svstes 
SCIENCE MAGAZINE 


Room 740 


11 West 42 Street 
New York 36, New York 


Fasten H 
Staple, Tess, tine 
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FREE eit t Gas 
earn Resear QUCIUEIE UL 


publication on new developments in gas 
chromatography. We offer a complete selection 
of essential supplies and the Aerograph line 
of GLPC equipment. 

Send for your free subscription today 
WILKENS INSTRUMENT & RESEARCH INC. 
Box 313, Walnut Creek, California YEllowstone 5-1469 








eo You Need: 
Cellex Cellulose Ion 
Exchangers? 


(For fractionation of proteins, nucleic acids, and enzymes) 
ASK FOR PRICE LIST SCX 


~GETEED Aaforatonies 


32nd & GRIFFIN AVE. « RICHMOND, CALIFORNIA 





| 
| 
| 
| 
| 





e HYPOPHYSECTOMIZED RATS 


Sas to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 









albino 
From the hand 


ft the veterinarian 
to research. 


HYPOPHYSECTPMIZED RATS 


* CHARLES RIVER CD (Caesarean-derived) 
* CHARLES RIVER S D (Sprague-Dawley 


escendants ) 


* CHARLES RIVER W_ (Wistar descendants) 


THE CHARLES RIVER BREEDING LABS 
rs B 1093 Beacon St. Brookline 46, Mass. 
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a eS 


Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the New Products section as well as 
advertised products. 


NEW PRODUCTS 


Circle below desired number corresponding to: 


954 955 957 958 959 960 961 962 
964 966 967 969 


ADVERTISERS IN THIS ISSUE 


In the below list, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters A, B, C are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, U indicates upper ad, L 
lower ad, I inside ad, M middle ad, and O outside ad. The covers are 
designated by IFC (inside front cover), IBC (inside back cover), and OBC 
(outside back cover). Advertisements in Personnel Placement are not keyed; 
only fractional pages (one-sixth or larger) in the Market Place are keyed. A 
multiplicity of items is indicated by *. Readers are requested to specify on 
this coupon the particular item in which they are interested; otherwise, the 
request cannot be processed. 


IFC 291* 292 293 294 
295 297 298 299 300 
302 340 341,U 341,L 343 
344, LO 344, LI 345,U 345,L 346, UO 
346, Ul 346, LO 347 IBC OBC 











3rd printing March 1959 


THE FUTURE OF 
ARID LANDS 


A symposium volume of the 
American Association for the 
Advancement of Science 


Edited by Gilbert F. White 


Department of Geography, 
University of Chicago 


6x9 inches, 464 pages, 49 illus- 
trations, index, clothbound, 
October 1956 


Price $6.75. AAAS Members’ pre- 
paid order price $5.75 


The volume presents the ef- 
forts of scientists from 17 coun- 
tries and from as many disci- 
plines to assess the state of 
man’s struggle to make produc- 
tive and stable use of the 
world’s arid lands. 


It contains the papers and 
recommendations of the Inter- 
national Arid Lands Sympo- 
sium and Conference, Albu- 
querque and Socorro, New 
Mexico, April and May 1955. 


The symposium develops 
around a few basic questions. 
The representation and treat- 
ment of the subjects are highly 
interdisciplinary and ie ge 
some important ak ie Bg 
The breadth and scope are in- 
dicated by the groupings of 
the Conference recommenda- 
tions: Anthropology, Archaeol- 
ogy and Geography; Meteorol- 
ogy and Climatology; Hydrol- 

, Geology and Soils; Biology, 
cology and Conservation; Or- 
pra Rete ee 
nterdisciplinary Programs. 
Workers in all these fields, as 
well as administrators of gov- 
ernment and private programs, 
will find the contents of this 
volume both stimulating for 
ideas and invaluable as a source 
of information. 


“An extremely useful and 
stimulating assessment of the 
subject.” 


British Agents—Bailey Bros. & 
Swinfen, Ltd., Hyde House, 
West Central Street, London 

AAAS 
1515 Massachusetts Ave., N.W., 
Washington 5, D.C. 
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ee GET READY FOR THE SPACE ana SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE- uF 


AMAZING OPTICAL BUYS 


F . *,and OTHER SCIENTIFIC BARGAINS 


American Made — Terrific Buy! 

Over 50% Saving monl ASSEMBLED See the Stars, Moon, Planets Close Up! 
STEREO MICROSCOPE , 3” ASTRONOMICAL REFLECTING TELESCOPE 
Years in derelopment, Equals $300 te : AND 60 to 160 Power—An unusual Buy! Famous Mt. Palomar Type 
$400 instrument. Precision American READY TO USE! | You'll see the Rings of Saturn, the fascinating planet Mars, huge 
made. Used for checking, inspecting, 4 craters on the Moon, Star Clusters, Moons of Jupiter in detail. Galax- 
small assembly work. Up to 3” work- r ies! Equatorial mount with lock on both axes. Aluminized and over- 
ing distance. Clear, sharp, erect im- coated 3” diameter high-speed f/10 mirror. Telescope comes equipped 
age. Wide, 3 dimensional fleld. 2 sets with a 60X eyepiece and a mounted Barlow Lens, giving you 60 to 
of objectives on rotating turret. 23X 160 power. An Optical Finder Telescope, always so essential, is also 
and 40X,. 10 Days Free Trial. included. Sturdy, hardwood, portable tripod. 











- Stock No. 85,056-W ...... $99.50 a Se STAR CHART and 272 page ‘‘Astronemy Book.’’ 
5 t No. ’ WEN v.nicsncihies sanee eee sdoces A 
S.o.8. Casrtagien, 0.2. Photographers! This is an actual i Sa 
Low Power Supplementary Lens Aattachment for above Stereo of the moon taken through our Astronomical 4%” Reflecting Telescope—np to 270 Power 
a oe 15X down to 6X with clear, extra large 144” Telescope by a 17-year student. Stock No. 85-006-W ............ $74.50 F.0.8. Barrington, N.J. 
eld at 6X. 

*. Stock No. 30,276-W ........++++ TS RR eR 
Raa ae ere 1 

id TAKE PHOTOS BY REMOTE CONTROL 

’ NEW HAND SPECTROSCOPE NEW BINOCULAR-TO-CAMERA HOLDER 


For Exciting Telephoto Pictures 
Bring distant objects 7 times 
> nearer with a 35 mm. camera, 
7x50 binocular and our NEW 
: BINOCULAR - TO - CAMERA 
HOLDER. Ideal for long-range 


New Long: Distance Remote 
Control Camera Shutter Release 
lets you take pictures while 
standing 32 ft. from camera 
Simply press bulb for surprise 
shots of shy or dangerous ani- 


EE Never before such low price! 
e- sae : Only possible because it em- 

pig * _ ploys newly developed replica 
grating tilm—with 13,400 lines per inch. This grating is 


mounted in aluminum tube 4%” long, 4%” dia. with a 




















“a fixed slit. Excellent for demonstrating spectrum; to see shots of wild life, shipe, peo- = _ — ae 
j spectral lines of gases; for recognizing transmission and me, vines. Camera and binece- pec os a 
n- absorntion bands of colored glasses, filters, dyes. Also will lars attach easily. Use any or subject. Works even under 
° identify more prominent Fraunhofer Lines. inocular or monvcular—any camera, still or movie. Take § Water. Any shutter speed, including B or T flash or elec- 
j= Steck te 30.280-W $2.50 Postpals ‘olor or black and white. Attractive gray crinkle and bright § tronic flash. Rig complete with 28 ft. cable on plastic drum. 
of Pons SPRL cnt webs pS sia . eotpa chrome finish, 10” long. Full directions for taking tele- [ stock No. 50,227-W ........ceccccee $7.00 Postpaid 
FRET SNE 
C- D-STIX CONSTRUCTION KITS | Stork No. 70,223-W ......... 2.2.0. ARR RR 
. Gpeor gh scuabtiniinieilatiiasiiiamsiaaail NEW IMPROVED ENGLAND FIELD FINDER! 
Sclentists, teachers, planners—let D 3” x 1” glass slide, surface marked with 
STIX help you visualize and crystallize Terrific Buy! H , = Ma : * 
id complex ideas. Colored wood sticks 14” a ieee American Made! ee erid at 1 mm intervals. Each 
thick and ‘‘easy-on’’ rubber joints ap- OPAQUE PROJECTOR pegs egg & center ring bearing 
r- prox. 3/16” diam. fit together fast— a reference number and letter, numbers 
- ( help you work out molecular structures, geometric figures, Projects illustrations up to 3” x 3%4” renee horizontally 1 to 75 and let- 
0 structural members, shapes, models of scientific apparatus. {and enlarges them to 4 ft. wide. No ters vertically from A to Z. It is used 
l- | Ideal for ‘‘3-dimensional thinking,’’ instruction, demon- ff film or negatives needed. Projects - s ee with a oe stage 
wd stration. Durable kits. Money-back guarantee. charts, diagrams, pictures, photos, let- : SSS - ; Seeiee ea yaditon @ 6 aan . 
: Stock No. 70,209-W (230 pes) ...........000 $3.00 tering in full color or black-and-white. Operates on 115 a er She - Paaure ec 
| Stock No. 70,210-W (370 pes) ........... wee. $5.00 f volt, A.C. current. 6-ft. extension cord and plug included. ee mt can. ceatly be relocated. Complete Girestions: are 
Operates on 60 watt bulb, not included.. Size 12” x 8” x . 
8 444” wide. Weight 1 lb., 2 oz. Plastic case with built-in § Stock No. 36,327-W ................ $18.50 Postpaid 
D BARGAIN-PRICED STETHOSCOPE FOR handle. 
Ss. HOBBYISTS, SCHOOLS eaten een Tiga pep RE OCCT $7.95 postpaid 
t- A real stethoscope at half the usual 
cost! Ideal for home craftsmen, BUILD A SOLAR ENERGY FURNACE 
y hobbyists, schools, children, Listen T WAR SURPLUSI—INFRARED SNOOPERSCOPE 
tO to running machinery. Check on < Wonderful Science Project 
hard-to-hear motor noises, leakage Govt. Cost $900—Bargain at $39.50 A fascinating new field. You can build 
is. of gas, air or fluid. Pick up heart §,, 8 4 your own Solar Furnace for experimenta- 
* beats of animals, insect noises, Converts infrared to visible light. See tion—many practical uses. It’s easy— 
' —, premise cari — geen in total darkness without being seen inexpensive—use your scrap wood. We 
¢) or experiments, classroom use, Use in lab, factory, classroom, ete. furnish instruction booklet. This sun 
animal husbandry. Hours of educational fun for adults, Completely portable. Operates on two powered furnace will generate terrific heat 
A students and children. Excellent for auto repair, do-it- flashlight batteries (not included). 2000° to 3000°. Fuses enamel to 
]- yourself projects. Sensitive, yet sturdily made to stand Image is quite good, may be made metal — produces many unusual fusing 
hard use, Money-back guarantee. a even better by careful focusing. Size § effects. Sets paper aflame in seconds. Use our Fresnel Lens 
J. Stock No. 50,223-W .......sesseeees $2.95 Postpald ['113.»,. 9» Weight with carrying ease 12 lbs. No infra- | —14%* diameter... fl. 14”. 
| low). 
]- | red Light source is furnished. (See below Stock No. 70,130-W Fresnel Leps $6.00 Postpaid 





y REPLICA GRATINGC—LOW, LOW COST Steck We. 85,096-W .... $99.50 f.0.8. Barrington, 0.5 ###=#=# 9«§§ —. 
“4 Take Unusual Color Photos at Night INFRARED LIGHT SOURCE AVAILABILITY! 





REPLICA 
id It’s here——after decades of effort! You will need a 6-volt transformer or 6 V auto battery 
Replica Grating—on film—at ge to operate. i 
I rice. Breaks white it 
ef into fan ween pr An excit- Stock No. 80,035-W ........ «eeeeees $10.00 postpaid é 
AS ing display. 13,400 lines per inch. “ 
Fa Diffraction Grating has po = Optics for the Science Class! 
to answer more questions about the : 
8, structure of the material world and GIANT MAGNETS! Optics for the Space Era! 
the universe than any other single 
18 device. Use it for making spectroscopes, for experiments, TERRIFIC BARGAINS! 100 PAGES! OVER 
yr as a fascinating novelty. First time available such large 1000 OPTICAL BUYS! 
size—so cheaply. Comes in clear plastic protector. War surplus—Alnico V type. ee 
, Stock No. 50-202-W — Includes 2 pleces 8” x5%" || Horseshoe shape. Tremendous Snes De: 5 eee 


1 oe x ls lifting power. 5 Ib. size. Di- 
1 transmission type, 1 reflecting type $2.00 pstpd. i niga 
2%"; C—4-3/16"; D— 
d HIGHER QUALITY 15,000 LINE 1 ie hy 


source for experimentors, 
hobbyists. Huge selection 
of lenses, prisms, war 








—2 54". 
1e REPLICA GRATINGS Strength is about 2,000 surplus optical instru- 
Reflecting type! A piece of glass is ground and polished to Gauss, Will lift over 125 lbs. ments, parts and acces- 


an optical surface and coated with aluminum—15,000 lines ¥ sories. Telescopes, mi- 
ioe inch ove ruled of to Gals oaitaan Stock No. 70,183-W .............. $8.50 Postpald diethabia, aiililienalien 
PLANE Size: 2x2”, %4” thick. Ruled area 1%” x1%". binoculars, infrared sni- 
Blaze wave length 4000A. : 





15% Ib. size. —_— 5,000-6,000 Gauss rating. 





Stock No. 30,320-W ..............+-$30.00 Postpald Jowit' itt over 250 Ibs perscopes, ete. Low-cost 
CONCAVE Size: 3” diameter, %” thick. Ruled area 14%” x Science and Math Learn- 
1%”. Blaze wave length 4000A. Radius of curvature 100 Steck No. 85,088-W ........ ines atald $22.50 F.0.B. | ing and Teaching aids. ‘amegpeeeees 
centimeters, Shipping Wt. 22 Ibs. Barrington, N.J. | Request Catalog W. 


Stock No. 50,220-W ...........++++ $75.00 Postpaid 
i ORDER BY STOCK NUMBER .. . SEND CHECK OR MONEY ORDER ... SATISFACTION GUARANTEED! 


_| EDMUND SCIENTIFIC CO. sarrincton, NEW JERSEY 
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FIBERGLAS REINFORCED PLASTIC 
ANIMAL CAGES 
““econo-cage” 


Offered in three sizes, each with or without 
window of methacrylate plastic which can be chem- 


Of moulded, seamless construction, with 
rounded corners and sloping sides for easy 


cleaning and convenient nesting for shipping 
and storage. Fiberglas reinforced plastic is 
lightweight, resistant to impact and abrasion, 
withstands repeated autoclaving at 250°F, 
and is unaffected by commonly used disinfect- 
ants and cleaning agents. Its low thermal con- 
ductivity avoids chilling of young animals. 


ically sterilized but must be removed when auto- 
claving the cages. Size 12 has reinforced rim, and 
22 and 32 have turned rims. 

Three types of covers are available, ie. A of 
plastic with ventilating holes and either of two 
sizes of removable round feeder of galvanized wire 
mesh; B of wire mesh in plastic frame with integral 
V-shape feeding trough; and flat cover C of wire 
mesh in plastic frame, without feeder. 





Price 


Cat. No. Size *Each 


1105. 12 


Application 
General Purpose, for 
mice, rats, hamsters, 
guinea pigs, etc. 
1105-B. 12 do. 
1105-D. 12 do. 


Overall dimensions | Cover 


11 in. long X 8% in. A 
wide X 6 in. high 


Window 
with 


Feeder 


round 
23 cu. in. 





6.50 


do. 
do. 


1105-F. 12 do. do. 
1105-H. 22 Mouse Cage, in ac- 11% in. long X 7% 
cordance with U. S. in. wide X 5 in. high 
N.I.H. Spec. FG-84 
do. 
do. 


without 
with 


do. 
V-shape 
53 cu. in. 
do. 
round 
23 cu. in. 


6.50 


9.65 
without 9.65 
with 
6.50 


1105-J. 22 


do. 
1105-L. 22 


do. 


without 
with © 


do. 
V-shape 
46 cu. in. 

do. 
V-shape 
63 cu. in. 


6.50 


9.65 


1105-N. 22 9.65 


do. do 
1105-P, 32 


Breeding Cage for 19 in. long X 10% in. 
mice; also for rats, wide X 5¥% in. high 

etc, 
1105-R. 32 do. do. B without do. 


*Prices on request for lots of 144 or 500 for shipment at one time; also for Stainless steel wire mesh instead of galvanized, 


without 
with 
13.00 





























13.00 





A.H.T.CO. 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas 
VINE ST. AT BRD ¢ PHILADELPHIA G, PA. 


Laboratory Apparatus and Reagents 











